OK  THE  DOCTRINE  OF  TpE  SPHE&E.  1? 


—  Px    cos.  ^#ZPZ,  hence,  the  azimuth  xZP  fiom  the  north  is 
known. 

Ex.  Given  Ithe  lat.  34°.  55' 1ST.  sun's  declination  22°.  22'.  51"  N,  and  tiue  al- 
titude 36°.  59'.  39",  to  find  the  appaient  time.  Here,  ZP^55°.  5',  Zx  =  53°* 
O'.  21",  P#=67°.S7'.  3";  hence, 

=67°.  37'.  3"  auth.  comp.  of  sine  0,O340l9 
=  55*     5.  O    aiith.  comp.  of  sine  0,08619$ 
53.     0.  21 


Sum  175.  42.  24. 


J-  Sum     87.  51.  12  sine         -          -  9.999694 

—  53.     O.  21 


Dif.     34.  50.  51  sine         -  -  9.756932 


2)19.876838  * 

9.938419  the  cosine   of 

29°.  47'.  44"  half  the  angle  ZPx,  ,%  £P#  =  S9°.  35'.  28",  which  leduced  into 
tune  gives  3  h.  58'.  22"  the  time  from  appaient  noon. 

93.  If  the  error  in  altitude  be  given,  we  may  thus  find  the  eiroi  in  time, 

Let  win  be  parallel  to  the  horizon,  and  n%  repiesent  the  euor  in  altitude  ,  then 

$£  the  calculation  of  the  time  is  made  upon  supposition  that  there  is  no  eirot 

m  the  decimation,  we  must  suppose  the  body  to  be  at  m  instead  of  a?9  and  con- 

secyiently  the  angle  mPx,  or  the  aic  gr9  measures  the  eiror  m  time. 

,          m?  .'  #wa  ;:  $in*  nw£t 

$m     qr    cos.  rx 


hence,  nx  *  qr:  sin.  nmaxcos.  nr  .  iad.*/.<7r=Wirx  —  —  —  :  -  _  ;     but 

sin.  nmx  x  cos.  rx 


^  nxm  being  the  complement  of  both  ;  also  sin.  Z&P,  or  nm#    sin. 
ZP  f:  sm.  &ZP    sin.  «#P,  or  cos.  r^,  A  sin.  nmv  x  cos.  rw=  sin.  ZP  x  sin.  «rZP  ; 

rad.  a  rad.  z 

hence,    p  s  ft*  x  sm^p  x  Slp.^p  =^  x  cos.  lat.  x  sm.  azi/     Hence,  the 

eiror  is  least  on  the  prime  veitical.     All  altitudes  theiefore  to  deduce  the  time 
iiom,  ought  to  be  ttljcen  on,  or  as  near  to,  the  pilme  vertical  as  possible.     In 

1  * 

lat.  52°,  12;,  if  the  error  in  alt  at  an  aau  44°.  22'  be  1'  then  qr=.l'  x  -77^  -  rr-r 

1  ,  612  x  ,699 


of  a  degree=97',336  in  time. 
Hence,  the  perpendicular  Ascent  of  a  body  is  quickest  when  it  is  on  the 
piime  vertical,  for  nx  vanes  as  sin.  azi.  when  qr  and  the  lat  are  given. 

94.  Given  the  latitude  of  the  place  and  the  sun's  declination,  to  find  the 
VOL,  i«  B 
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time  when  twilight  begins.  Twihght  is  here  supposed  to  begin  when  the  sun 
is  18°  below  the  honzon  ,  hence  draw  the  circle  hylc  paiallel  to  the,  honzon  and 
18°  below  it,  and  twilight  will  begin  when  the  sun  comes  to  y,  aifc  Zy=108°  ; 
hence,  sin.yPxsin.  ZP  .  iad/  an.  f  x  PZ+Pjf  +  lOB*  x  sin.  £  x  PZ  +  Py  - 
Tos*  cos.  %yPZ*,  hence  #P#  is  known,  which  conveited  into  time  gives  the 
time  from  apparent  noon. 

95.  To  find  the  time  when  the  apparent  diurnal  motion  of  a  fixed  stai  1$ 
FIG.     peipendicular  to  the  honzon.    Let  yx  be  the  parallel  descubed  by  the  star  j 
3*       draw  the  Vertical  circle  Zh  touching  it  at  o,  and  when  the  star  comes  to  o  its 
motion  is  peipendicular  to  the  horizon  ;  and  as  the  angle  ZoP  is  a  light  one, 
we  have,  (Tng.  Art.  212.)  rad.   •  tan.  oP     cot.  PZ  .  cos.  ZPo,  that  is,  rad.  . 
cot.  dec.    tan.  lat.  .  cos.  ZPo,  which  converted  into  time  (Tab.  1.)  gives  the 
time  fiom  the  stai's  being  on  the  meridian.     Hence,  the  time  of  the  stai's- 
'  coming  to  the  meridian  being  found  by  Ait.  105.  the  time  lequued  will  be 
known. 

FIG.  96.  To  find  the  time  of  the  shortest  twilight.  Let  al>  be  the  paiallel  of  the 
JO.  sun's  declination  at  the  time  required,  draw  cd  indefinitely  near  and  paialiel  to 
it,  and  ZTFa  parallel  to  the  hoiizon  18°  below  it;  then  ttPto,  sPt  measiuc  the 
twilight  on  each  paiallel  of  declination,  and  when  the  twilight  is  shortest,  the 
increment  of  the  hour  angle  bemg^O,  these  must  be  equal  ,  hence,  vPr^wPx, 
therefore  w=wx  ;  and  as  r$=te,  and  the  angles  r  and  *  are  ught  ones,  m  = 
Mtf  ;  but  Pflr==r9a°=Zw,  take  Zvr  fiom  both,  and  PvZ=n$t  foi  the  same 
reason  PwZ=mtf  hence,  PvZ=PwZ.  Take  w=tt>Z=90%  tlien  as  Pv~ 
PWJ,  and  the  angle  Pte=P0£,  therefore  Pe=P#;  let  fall  the  perpendicular 

cos.  PV 
Py  and  it  will  bisect  the  base  eZ.    Then  (Tng.  Art.  212.)  cos.  lty=cos.   ^— 

cos.Pt;  cos.Pe    cos.  PZ  .  cos.  Pt?    cos. 


sn.      -  .'.  cos. 


fv,  or  sm.  fe>,=cos.  PZx      -=cos.  PZTx  tan.  ey,  hence,  iad.    cos.  PZ, 

7  COS*  Cy 

or  sta.  lat,  :;tan.  ey=9°  sin.  At^  the  sun's  declination  at  the  time  of  shortest 
twilight.  Because  PZ  is  always  less  than  90°,  and  Z#=9°,  thercfoie  Ty  is  al- 
ways less  than  90°,  and  therefore  its  cosine  is  positive  y  also,  vy  is  always  gi  eater 
tthan  90°,  therefore  its  cosine  is  negative  ;  hence,  cos.  Pv  (=cos.  Py  x  cos.  tjy) 

is  negative,  consequently  Pw  is  greater  than  9O°,  theiefore  the  sun's  decimation 

is  south.'  This  is  M»  CAGNOLI'S  Investigation. 
9V.  To  find  the  length  of  the  shortest  twilight.    As  wPZ—vPe,  therefore 

ZPe^vPw  measuring  tto  shortest  time.    Now  sin*  PZ,  or  cos.  lat.    rad,  •: 

sin.  Zy  =  9°    sm  ZPy,  ^hich  doubled  gives  £jpe,or  ojPw,  which  converted  iuta 

tuaae  gives  the  length  of  tiie  shortest  twilight^ 


./ 
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Ex.  To  find  the  time  of  the  year  at  Cambudge,  when  the  twilight  is  short- 
est ;  and  the  length  of  that  twilight. 


-     -    -    -     .........     10,0000000 

Sm.  52°.  12'.  35"       .........       9,8977695 

Tan<  9°  .............       9,1997125 


Sm.  7°.  11'.  25"  dec 9,0974820 

Tlus  decimation  of  the  sun  gives  the  lime  about  Maich  2,  and  October  1 1. 

Cos.  52°.  12'.  35" 0,2127004  ^.C. 

Sin-  9°        9,1943324 

Raci 10,0000000 


Sin.  14°.  47'.  27" Q) 


4O70328 


The  double  of  this  gives  29°.  34'.  54",  which  converted  into  time  gives  Ih. 
58'.  20"  for  the  duration  of  the  shortest  twilight,  it  being  supposed  to  end  when 
the  sun  is  18°  below  the  horizon. 

98.  To  find  the  sun's  declination  when  it  is  just  twilight  all  night     Heie  the 
sun  at  a  must  be  18°  below  the  honzon  ,  hence,  18°  + dec.  Qa  =  llQ=EH= 
comp.  of  lat.  of  place,  and  the  sun's  dec.  =  comp.  lat. -18°;  look  theieforc 
into  the  Nautical  Almanac,  and  see  on  what  days  the  sun  has  this  declination, 
and  you  have  the  time  required.     The  sun's  greatest  declination  being  23°.  28', 
it  follows,  that  if  the  complement  of  latitude  be  gi cater  than  41°.  28',  01  if  the 
latitude  be  less  than  48°.  Kff  Aere-eaa  mvm  foe  twilight  all  night.    If  the  sun 
be  on  the  other  side  of  the  equatoi,  then  its  dec.  -  1 8°.  -  comp  lat. 

99.  If  the  spectatoi  be  between  E  and  L,  and  the  sun's  declination  Ee  be 
greater  than  EZ,  then  the  sun  comes  to  the  meridian  at  e  to  the  not  A  of  its 
zenith  ;  and  if  we  diaw  the  secondary  Zqm  touching  the  paiallcl  ae  of  declina- 
tion described  by  the  sun,  then  Rm  is  the  gieatest  azimuth  from  the  noith 
which  the  sun  has  that  day,  the  azimuth  increasing  till  the  sun  comes  to  q,  and 
then  decreasing  again,  and  the  sun  has  the  same  azimuth  twice  in  the  moin- 
ing.     If  therefore  we  draw  the  straight  line  Zv  peipendicular  to  the  honzon, 
the  shadow  of  this  hne,  being  always  opposite  to  the  sun,  would  first  iccede 
from  the  south  point  H  and  then  approach  it  again  in  the  moinmg,  and  there- 
fore would  go  backwards  upon  the  horizon.     But  if  we  consider  PI-  as  a 
straight  line,  or  the  earth's  axis  produced,  the  shadow  of  that  line  would  not 
go  backwards  upon  that  plane, -because  the  sun  always  continues  to  revolve 
about  that  Hne,  and  therefore  its  shadow  must  always  go  foiwaids;  whereas 
the  sun  does  not  revolve  about  the  perpendicular  Zv.    Hence  it  appears,  that 


FIG. 


FIG, 
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the  shadow  of  the  sun  upon  a  dial  can  neve,  gobackwaids,  because  the  gnomon 

co/L  ••  tan.  tat.  :  cos.  PZq  the  hour  angle  fiom  apparent  noon. 

loo   It  1  Inthato  been  supposed,  that  rt  is  12  o'clock  when  the  sun  come* 


tibe  cxpLned  in  Chap.  IV.  Hence,  when  the  clock  does  not  agiee  with 
Th  sun,  any  axe  **  is  not  the  meuuio  of  the  tune  fiom  12  o'clock  but  fiom, 
the  time  when  the  sun  comes  to  the  uieudum,  01  fiom  apparent  noon*. 

101  In  the  same  manner  as  we  find  the  hour  angle  for  the  sun,  we  may  also 
find  t  for  any  fixed  star  or  pknet,  its  altitude  and  decimation  being  given, 
but  when  the  horn  angle  ta  thus  found,  it  is  necessary  to  know  the  time  when 
the  oodV  1S  upon  the  merman  in  order  to  find  the  time  fiom  thence  the  hour 
angletLg  the  distance  from  the  meridum  5  also  the  method  of  reducing  the 
Tour  at^le  into  time  wdl  be  different.  For  let  JB  be  the  earth,  rmin  the  eq«a- 
a  meiidian  psang  through  a  fixed  stai  S  reduced  to  the  equator  5  then 
nrlmsfo  tlxe  star  in  ^  ^  4"  aAer  leavrng  it  (127),  wo 


tmm 

Tave  S60«:  hour  angle  -25^.  56'.*":  toe  from  *»  meudtan.    Now  let  P  bo 
and  the  meudmn  mn  to  pass  thiough  !t  ^  then  the  tnendian  will  K- 
onagaininSS/^e'.^',  now  let  J*  o:  JV  be  the  planet's 
«*£»  im  on«  d*y,  ^otding  a«  xto  moUon  U  direct  01  i* 
redwce  Ais  kxta  toe  (*)  at  the  rate  of  15°  for  an  hour,  which 
suffiaently  exact  for  so  small  an  azc,  then  the  meridian  leturns  to  the 
again  after  m  mterval  of  237,  56'.  4"±t,  hence,  the  mendiait,  after 
ng  The  planet,  approaches  it  at  the  rate  of  that  time  for  ^because 
whence  mertdian  leaves  the  pkaet  it  is  then  approaching  a  point  360°  from 
*  ,  hence,  36O°  :  hour  angle-  .  SSA.  56'.  4f±t  :  time  fiom  the  mendian. 

the  hour  a^le  rate  tune  for  the  sun  at  the  r**  of  W  for  an  h«ur,  by  a  clock 

^ 

,  to  reducS  the  h^  angle  to  ^ve  a^tely  the  t»e  irom  appar- 


ent peon,  «,.  360?    bov,aagle(^  :  **  *«  '  ***$&**&*  **,  »  4»  «^ 

of  returamg  to  ^  sun  m  24A  returns  to  U  m  2  IA»  *  «     Thu  quantity  e  is  ««ttttin« 

A  dock  1S  ^  to  "" 


^bcE  it  ib  adjured  to  go  94  hoxufl  m  a  mean  solar  day     S<re  Ax  t.  127 


r    '• 
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]02   The  hour  angle  which  we  have  hitherto  found  for  the  time  at  which  a 
body  rises,  has  been  upon  supposition  that  the  body  is  upon  the  rational  honzon 
at  the  instant  it  appeals ;  but  all  bodies  in  the  honzon  aie  elevated  by  refiac- 
tion  33'  above  their  true  places ;  this  theiefoie  would  make  them  appear  when 
they  aie  88'  below  the  lational  horizon,  or  90°  +  SS'  from  the  zenith ;  also,  all 
the  bodies  in  oui  system  aie  depiessed  below  their  tiue  places  by  parallax,  as 
will  be  afterwards  explained,  therefoie  from  this  cause  they  would  not  appear 
till  they  were  elevated  above  the  rational  homon  by  a  quantity  equal  to  then  ho- 
montal  parallax,  or  when  distant  from  the  zenith  90°-hoi.  par.     Hence, from     FIG. 
both  causes  togethei,  a  body  becomes  visible  when  its  distance  ZVirom  the 
zenith  =  90°  +  33'  -  hor.  par.  V  being  the  place  of  the  body  when  it  becomes 
visible,  Z  the  zenith  and  P  the  pole  ,  hence,  knowing  ZV,  also  ZP  the  com- 
plement of  latitude  and  FFthe  complement  of  decimation,  we  can  find  the 
houi  angle  ZPV.     A  fixed  stai  has  no  pai  alia*,  therefore  ZV-  90  .  88 . 

103.  If  the  body  sensibly  alter  its  declination  in  a  few  horns,  as  the  moon 
does,  the  tome  of  its  rising  may  be  thus  found.    Let  «  be  the  place  of  the      TOK 
moon  on  the  meudian,  *  when  in  the  honzon,  and  d  the  point  when  it  becomes      H- 
visible,  diaw  ade  parallel  to  EQ,  and  ea>  is  the  change  of  declination  in  the 
time  fiom  using  to  the  meridian.    Now  from  knowing  the  time  (105)  of  pass- 
ui*  the  meudian,  and  the  declination  at  noon,  with  the  change  of  decimation 
m°the  interval  of  the  passages  of  the  moon  over  the  mciidian  by  the  Nautical 
Almanac,  compute  the  change  of  declination  in  the  interval  between  noon 
and  the  time  of  the  moon's  tiansit,  and  you  will  get  the  moon's  declination  at 
the  time  of  its  transit.     To  that  decimation  compute  the  hour  angle  upon  sup- 
position that  th«  declination  continued  the  same  as  on  the  meridian,  which  will 
be  nearly  the'aflgle  wfd.    ftott  tbe-Ntfriacal  Almuuo  toa  the-  change  (»)  of 
declination  in  the  inteival  (0  of  time  fiom  the  moon's  passage  over  the  men- 
dian  till  it  leturns  to  it  again  j  then  say,  360°    horn  angle  •  w  .  the  change  of 
declination  in  describing  that  angle,  which  added  to  or  subtracted  fiom  the  dc- 
chnation  at  the  time  of  passing  the  meridian  gives  veiy  neaily  the  decimation 
at  using  j  to  which  compute  the  houi  angle  and  convert  it  into  time  as  befoic 
and  subtract  it  from  the  tame  of  passing  the  meridian,  and  it  gives  very  nearly 
the  time  of  rising  ,  and  if  gieatcr  accuiacy  should  be  required,  the  operation 
may  be  repeatedly  taking  this  houi  angle. 

Ex.  To  find  at  what  tune  the  moon  lose  at  Greenwich  on  July  1,  1767. 
The'latitude'  of  Greenwich  is  51°  28'.  4O",  and  (105)  the  moon  passed  the  me- 
ridian at  4fc.  2'.  9",  now  t=24h.  40',  and  0  =  5°  28';  hence,  24k  40'  •  4>h.  2'. 
9"     5°.  28'  .  53'.  38"  the  change  of  declination  in  4k  2'.  9",  which,  as  the  de- 
clination is 'decreasing,  subtiacted  from  5°.  22',  the  moon's  north  declination 
at  noon,  leaves  4°.  28'.  22"  for  the  moon's  decimation  when  it  was  on  the  me- 
ndian ,  hence  we  take  Pd  =  85°.  81'.  38",  also  PX=38°.  31',  20%  and  as  the- 
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'.hor  paralkx=5V.  21",  and  refractton 


hence  360°  96°.  54'.  2":  MA.  4O'  ,  6h.  38'.  22"  the  tune  of  de-cubing  the 
angle/Prf,  whxch  subtracted  from  4*.  2'.  9",  the  time  whan  the  moon  was  on 
thfmeucUan,  gives  the  time  at  mxng  21/,  23'.  47",  answering  to  9/,  23.  47 

m£"S2^^ 

alttude  o*  posxt™,  it  has  been  supposed  that  we  know  the  tune  at  wkch  xt 
coTefto  Ae  meridxan,  the  determination  of  das  cucutnstance  must  thoefore 

^0?Le?  fctlc  be  adjusted  to  mean  solar  tuna,  whxch  we  my  Ihoicteo 
consider  as  the  time  fiom  the  sun's  leaving  the  meudian  till  xt  iotmiis  to  xt 
arrwhere  great  accuxacy  xs  not  requixed",  the  dxilexcucc  being  only  the  vau- 
afon  J  the  equatxon  of  txme  in  24  houxs.    Let  8  and  P  be  the  places  of  he 
1  and  a  planet  reduced  to  the  equator,  then  the  mcudian  ,r  appioaches  the 
s^n  Itthe  xate  ot  15°  m  an  hour,  fox  when  xt  leaves  the  sun  at  S  xt  may  be 
consxde  S  as  appioaching  apomt  at  that  txme  360°  fxom  xt  and  which  it  comas 
HO.     £toTw  boX,  hence"  /any  other  poxntwere  movxng  forwards  wxth  the  ve, 
2.     loatyof  thesun,  the  mendxan  would  approach  it  at  ^e  same  late.     Ihetolore 
?  the  planet  at  P  move  forwaxds  with  a  dxfferent  ve  ocxty  fxom  that  of  the  sun, 
the  interval  of  thexr  passages  over  any  mendxan  vnll  be  the  same  as  rf  we  sup. 
posed  the  sun  to  be  at  rest  and  the  planet  to  move  vnth  xts  own  piopai  motxon 
mnus  that  of  the  sun,  the  planet's  motion  xn  nght  asccnsxon  bang  greater 
Ihan  that  of  tt*  sup.    Let  «  be  the  dxfference  of  thexr  XTXoUons  xn  light  ascen- 
tn  ^  tan  reduced  xnto  time,  and  tefiP  reduced  also  xnto  txnxe  xn  hke 
x^anner,  the  planet  being  at  P  at  the  tome  the  mexxdxan  passes  through  the  ,un 
at  S    and  let  t;  be  the  place  of  the  planet  when  the  mexxdxan  overtakes  xt 
and  e  be  the  axe  Pv  xn  txme,  then  the  motxons  of  the  meridian  vnll  be  24  and 
f  4  «,  and  of  the  planet  xn  the  sametxmes  x  and  «,  hence,  as  we  may  consxder 

te»          rpVn<4  i<a 

each  motion  as  unxform,  M  •*:.*  +  <?.«,  .'.24-*  :  *  •  *  :  c=24^.'     in 
the  case  if  the  planet's  motxon  be  greater  than  the  sun's,  but  if  the  sun's  be 
greater,  then  /itself  becomes  negatxve,   and  therefore-*  wxll  be  posxtxve; 

*•  .  therefore  t+e-t+  J£~  =24?    -  the  time  from  appafent 
'  theret°re  f  +  e-r~  24+* 


24 

noon  when  the  planet  passes  the  merxdxan,  where  the  upper  or  lower  sign 
prevaxls  according  as  the  plane*  or  sun's  motion  xs  greatest.  If  the  motxon 
of  the  planet  in  right  ascension  be  retxograde,  xt  is  manxfest  that  «  is  the 
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sum  of  the  motions  of  the  planet  and  sun  in  24  hours,  for  the  bodies  moving 
in  opposite  directions  they  appioach  each  othei  with  the  sum  of  then  motions, 
let  therefoie  v'  be  the  place  of  the  planet  when  it  comes  to  the  meridian, 
then  the  motion  of  the  meridian  fiom  its  passage  thiough  the  sun  to  the 
planet  will  be  t-e;  hence  24  .  x  t-e  e,  therefoie  24 +  #:.*:  t .  e  = 

-JfL-i   hence,  the  time  jequired  =  #--£-  =3^-     But  as   the  divlS10n 

£">  A  7  '  •*•  9  4t     I      T*  /^4i  •'••   -  .T1 

by  24 T^   is  not  so  convenient  as  it  would  be  by   24,  therefoie  lesolve 

%4t    into  f  ±  £fL+*£!±<frc.  wheie  the  two  first  teims  will  be  sufficient  foi  all 
24 +#  24     24* 

cases  except  the  moon,  wheie  it  will  be  necessary  to  take  the  third.     For  a  fixed 
star,  x  will  repiesent  the  increase  of  the  sun's  light  ascension  in  24  hours,  and  the 

time  requned    =  24*  -;-*—.     By  this  method  we  find,  veiy  neaily,  the 

24  +  30  24 

time  at  which  any  body  comes  to  the  meridian,  and  hence,  by  the  last  ar- 
ticles, we  may  find  the  time  of  its  using,  or  the  time  at  any  given  altitude. 

Ex.  To  find  the  time  of  the  moon's  passage  over  the  meridian  at  Green- 
wich on  July  1,  1767.  The  sun's  AR.*  when  on  the  meridian  that  day 
was  6A.  40'.  25",  and  its  daily  increase  4'.  48"  j  also,  the  moon's  AR.  was 
lOh.  36'.  8",  and  its  daily  increase  42'.  28".  Hence,  f =  107*.  36'.  8"-  6h,  40'.  25'" 
=  3h.  55'.  43"  =  3,9285  (Tab.  3.),  also,  a?  =  42',  28" -4'  48"  =  37'.  40"  =  0,6277  J 

hence,  —=:  6'.  10%      ^  =  10";   therefore   *+*£  +  j^  =  4A.  St.  B"     the  appa- 
rent time  of  passing  the  meridian. 

Where  great  accuracy  of  time  is  required  from  an  observed  altitude,  the 
body  made  use  of  must  b©  the  sou  or  a,  fiiced  star*  The  method  of  finding  the 
time  by  the  sun  has  been  already  explained  (92),  and  the  time  by  a  star  may 
be  found  by  the  following  method. 

106.  Find  the  star's  true  altitude,  and  take  its  declination  from  the  7th  of 
the  Requisite  Tables,  or  fiom  any  other  tables  if  it  be  not  theiej  then  m  the 
tiiangle  ZP%  (#  representing  the  place  of  the  star)  we  have  ZP  the  comple- 
ment of  latitude,  Px  the  complement  of  declination  and  Z$  the  complement 
of  the  star's  altitude,  to  find  the  angle  ZPx,  the  star's  distance  from  the 
meridian,  which  conveit  into  time.  Now  the  point  of  the  equator  which  is 
upon  the  meridian  at  any  time.,  is  called  themd-heaven;  therefore  the  angle  ZPw 
measures  the  star's  distance  from  the  mid-heaven.  Hence,  if  the  star  be  to 
the  east  of  the  meridian,  subtract  its  distance  from  the  meridian  fiom  its  AR. 
(adding,  if  necessaiy,  24  lipurs  to  its  AR.}  and  the  difference  is  the  AR^ 
of  the  mid-heaven:  But  if  the  star  be  to  the  west,  add  them  together  (sufo« 

*  AJR   means  rjgfht  ascension 
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tracting  24  hours  fiom  the  sum,  if  greater,)  and  the  sum  gives  the  ALL  of  the 
muUieaven*.  Then  find  the  sun's  AR  at  the  pieceding  noon  at  Giccnwich 
fiom  the  Nautical  Almanac,  and  from  thence  at  noon  at  the  given  place  by 
the  23d  of  the  Requisite  Tables,  and  subtract  it  fiom  tbe'-4jR.  of  the  nud- 
hcaven  (adding  24  houis  to  the  latteit,  if  necessary),  and  the  difference  would 
be  the  appaient  time  from  the  pieceding  noon,  or  the  estimate  time,  if  the 
sun  had  had  no  motion  in  that  time,  but  as  it  has  moved,  find  that  mo- 
tion by  thfc  SSd  of  the  Requisite  Tables,  and  subtract  it,  and  it  gives  the 
apparent  ttme  icquiied.  —  Hence,  if  we  apply  the  equation  of  tune  it  gives  the 
true  time,  which  compared  with  the  watch,  shows  how  much  it  is  too  fast  or 
too  slow,  and  by  repeating  the  observations,  the  rate  of  going  of  the  watch 
may  be  detetmmedj  but  this  will  be  further  explained  in  Chap*  IV* 

Ex.   On   Apiil   14,  1780,  lat.  48°    56'.  N.  Ion.  66°.  W.  the  Uuc  altitude 
of  Aldebaiau  vest  of  the  mendian  was  22°.  17'.  50",  to  find  the  appaicnt 

time* 

Sim's  AR+  for  noon  at  Greenwich  by  the  Nautical  Almanac       ih.  si'.  1" 
Conected  for  tlie  Long,  by  the  ?sd  of  the  Requisite  Tables  t 


!     '    'ft 
!'  ,,   I* 


Sun's  AR.  at  soon  at  the  given  place       .,--**    -    -    -     1.31,42 


Also  by  Requisite  Table  7-  the  star's  dec.  is  16°.  3'  N.     Hence  #P=z 
4'9  Zr=67°.  42'.  10%  #P=73°.  57',  hence  by  sph.  trig. 

i  P^  =  73°.  57'.  Of  arith.  comp*of  sine  0.0173O4 
ZP  =  41  .  4.  0  arith.  comp.  of  sine  O.J  82476 
Zx  =5  67.  42.  10 


43  *  10 


*  That  thv  ib  true  foi  every  position  of  the  point  aries  and  place  of  the  star,  may  be  thus 
«f        al^wn     Let  JSS  represent  the  equator,  E  the  point  on  tlie  meridian,  V,  <¥»',  v",  different  pobitions 
of  the  point  aues,  in  respect  to  the  place  A,  A'  of  the  star  referred  to  the  equator,  A  on  the  western 
side  of  the  meridian,  arid  A  on  the  eastern,  B  the  point  to  vthich  the  sun  is  referred,  vEJBC*  the 

' 


direction  in  which  ity  n^ht  ascension  is  measured  '  Now  suppose  the  star  at  A',  to  the  east  of  the 
randian,  then,  1,  vA'—A'E-vE  3  cr"A—A'E=—  v"£=—  m  +  r  "  «B,  vM+WrA^-. 
uifJC=;«f  ^fUI%  Now  suppose  the  star  at  A,  on  the  west  side  ,  then  1,  «rA+AE~«c  E  2.  v'&A  + 


be- 


^^ 

$  The  daily  variation  of  th*  sun^  jiR,  With  which  you  enter  the  tiequwte  Talks,  u»  taken  from 
the  Nautical  Almanac 
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|  Sum  =    91  .  21  .  S5  sine 9,999874 

=    67  .  42  .  10 


Dif.    =;  23  .  39  .  25  Sine     ~     -     ,     -     -    9.603425 


2)19.803079 

9  901539  the  cosine  of 

87°.  8'.  29",  hence  the  angle  xPZ  (01  m  FIG.  15.  the  arc  AE)  =74°.  16'.  58"., 
01  in  time  =  4ih.  57'.  8";  hence, 

Estimate  Time       -    -    7A.  48'.     46" 
Correc.  fiomReq.  Tab.  23.  —   1.     12 


Star  west  of  mend.      -      4h.  57'.     8" 
Star's  AR.  by  Req  Tab.  7.  4  .  23.  20 


AR.  of  mid-heaven      -      9  .  2O.  28 
Sun's  AR.  at  noon      -      1  .  31.  42 


Apparent  TJ'ime  requued    7.  47-    34 


1O7.  The  time  of  the  passage  of  a  stai  over  the  meridian  may  be  found  (78) 
from  taking  the  times  at  which  it  had  equal  altitudes  on  each  side  of  the  meriu 
dian,  and  bisecting  the  mtei  val.     If  equal  altitudes  be  taken  at  8  and  1  1  o'clock, 
the  star  was  upon  the  meridian  at  half  past  9  o'clock.     But  for  the  sun  this  will 
want  a  connection,  owing  to  its  change  of  declination,  OB  which  account  it 
is  not  at  equal  altitudes  when  equidistant  from  the  meridian.    If  be  be  the  di*     no. 
urnal  arc  described  by  the  sun  m  its  ascent  to  the  naeiidian9  and  ed  m  its  de*      16« 
scent  from  it,  and  mn  be  dinwn  parallel  to  HQR,  then  the  sun  is  at  equal  alti- 
tudes at  m  awl  %  wd  tite  angle  mPny  or  the  arc  jtv  meaiujret  the  difference  of 
the  times  at  m  Mid  ajftorti  w&  bisect  the  interval 

of  the  times  at  which  the  sun  was  at  m  and  n,  we  must  con  eel  it  by  half  mPn, 
o»  half  qr,  in  order  to  get  the  time  at  which  it  cofties  to  the  meridian.  This  cor- 
rection is  called  the  equation  of  equal  altitudes.  Now  (Tng.  Ait.  264.)  if  oTac 
the  variation  of  the  sun's  dec.  in  the  interval  of  the  observations,  £ntan.  lat. 
v  =  tan.  decl.  at  noon,  6  =  sine,  r  =  tan.  of  the  hour  angle  fiom  noon  at  the  time  of 
the  observation,  taking  the  half  interval  of  times  for  the  measure  of  that  angle; 

then  £qrzzM'rx  -±^?  radius  being  unity;  or  as  the  value  of  dfl  in  time  is  J~n 

~*  $    f  15 

seconds,  estimated  at  the  rate  of  15°  foi  1  hour,  or  l£"  for  l  second  of  tune, 

ttarafore  the  conwtion=—  xf  ±S  seconds  of  time,  where  the  sign  -  is  to  be 

80     $     r 


used  whctpi  the  lat.  and  decl.  are  both  north  or  bath  south,  and   f  when 
is  north  and  the  other  south.    Now  in  north  latitude,  when  the.sun  approaches 
the  north  pole,  dr  is  in  the  9th.  10th.  lith.  Oft.  1st.  2nd,  signs,  itil  'manifest 

VOL*  I.  B  f 
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from  the  figure,  that  the  sun,  after  passing  the  meridian,  will  not  come  to  the 
same  altitude  as  at  the  observation  before,  until  it  be  at  a  greater  distance 
from  die  meiidian,  therefoie  the  middle  point  of  time  between  the  obseiva- 
tions  must  be,  when  the  sun  has  passed  the  meiidian,  and  the  conoction  must 
be  subtracted.  When  the  sun  is  in  the  other  signs,  lecedmg  from  the  noith 
pole,  it  comes  to  the  same  altitude  at  a  less  distance  iiom  the  meiidian ;  theie- 
foie  the  middle  point  of  time  must  be,  before  the  sun  comes  to  the  meiidian, 
and  consequently  the  coriection  must  be  added.  To  facilitate  this  computation, 
Mr.  WALES  constructed  and  computed  a  set  of  tables  which  were  published  in 
the  Nautical  Almanac  for  1773;  these  tables  aie  called  Equation  to  coirespond- 
ing  altitudes. 

To  fnd  ike  Time  the  Sun  is  passing  tJie  Meridian,  or  the  horizontal  or  perpendi- 
cular Wire  of  a  Telescope. 

.  108.  Let  me  be  the  diameter  d"  of  the  sun,  estimated  m  seconds-  of  a  great 
8.'  circle ;  then,  (as  the  minutes  in  mxy  considered  as  a  small  circle,  must  be 
greater  in  proportion  as  the  radius  is  less,  because,  when  the  arc  is  given,  the 
angle  is  inversely  as  th<*  radius),  sin.  P#,  or  cos,  dec.  rx  .  rad.  •  seconds  ff  in 
mx  of  a  great  circle  :  the  seconds  in  mx  of  the  small  cucle  eat  which  is  e<mal 
to  (ia)1fae  seconds  m  qr = the  angle  rPq>  and  therefore  the  angle  rP?=d' 
divided  by  cos  dec.  (rad.  being  unity)  =rf"x  sec.  dec.,  which  measures  the 
time  the  sun  is  passing  over  its  diameter,  and  consequently  the  time  the  dia- 
meter would  be  in  passing  over  the  meiidian ;  hence  (as  in  Ait.  107),  the  tune 

of  passing  the  mendian=f  xs^:  dec' 

Hence  or,  the  sun's  diameter  in  light  ascension,  is  equal  to  d"  x  sec.  dec. 
K  tix««ft*«  fc*  HtoH's  dwnettraa*:*  193Q",  and  its  dec.  20°,  its  diameter  in 
-nght  aacenftbftti  19fld'  x  l,064»S4r,  fi",88,  The  same  will  do  for  the  rnoqn, 
if  <f =its  diameter. 

mo   TW  Art  <H  ar-nxx  •     *       '  * ^(u0  nx^ff  the  sun's  diam.) 

109.  By  Art  93.  qr-na;  x  xsm.azi.^^  ' 


FIG, 


Ta^  hence,  as  before,  the  time  of  describing  qr,  or  the 

cos.  lat  x  sin.  azi,  > 
&ne  in  which  the  sun  ascends  perpendicularly  through  a  space  equal  to  its  dia- 

^eter.oythetimebfpassinganhorizontal wire, is  eflualto^x  ^  ^  ^  ^ 

it  ! S  The  same  exp««w»  must  also  give  the  time  which  the  sun  is  in  rising. 

'i  j  Jftf-lWf  ttok  Imtiswalwl  i^&acfieai,  t^en  d"  divided  by  15"=lS2;  hence, 

132": 


;iilU 
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110*  llie  sin,  wm  i  sin,  nmx  \\rnn  :  nxzzmnx*1?***™^;  hence  (9s),  yr  = 

sin.  nxm 

and  if  w«=rf",  we 


sm.  mm    sin.  TWTW  x  cos.  rx  sin.  nxm  x  cos. 

find  the  tame,  in  which  the  honzontal  motion  of  the  sun  la  equal  to  its  diameter, 

to  be-—  x *  9  which  is  therefoie  the  time  in  which  the  sun 

15*     cos,  ZxP  x  cos.  dec 

would  pass  the  veitical  wire  of  a  telescope. 

Dr.  MASKELYNE'S  Rules  to  find  the  Time  qftlie  Passage  6f  a  Star  or  Planet  from 
one  Wire  to  another  of  a  transit  Instrument. 

III.  For  *,faed  Star.     Multiply  the  equatorial  interval  of  time  by  the  secant 
of  the  star's  declination,  and  you  have  the  time  required,    For  an  ar6  of  the 
equator,  measured  on  a  small  circle  parallel  to  it,  subtends  agreatei  angle 
about  the  earth's  axis,  IB  the  proportion  of  rad.  .  cor.  dec.  or  sec*  dec.  : 
radius. 

For  the  Sun.  Increase  the  equatorial  tame  of  a  star  by  the  365th  part  (owing 
to  tjie  sun's  motion  in  that  time)  and  you  have  the  equatorial  tame  by  the  sun ; 
then  proceed  as  for  a  star. 

For  a  Planet,  except  the  moon.  Take  the  difference  (rf)  of  237^,  56/,  and 
the  interval  of  two  successive  transits  of  the  planet  over  the  meridian,  as  given' 
in  the  Nautical  Almanac;  then  say,  24/j.  :  d.\  the  tame  of  the  passage  of  a  star 
fcavmg  the  same  declination  :  a  fourth  number,  which  added  to  or  subtracted 
jfrom  the  time  pf  the  passage  of  a  star,  according  as  the  interval  of  the  frw;o< 
successive  transits  id  more  or  Jess  than  2d'.  56*,  gives  the  time  of  the  planet's? 

passage. 

For  the  Moon.  Put  72= the  equatorial  interval  by  a  star,  r=r  daily  retaid- 
ation  of  the  moon's  passage  over  the  meridian  in  minutes ,  then  allowing  for 

the  moon's  motion,  2SA.  56' .  1 44O'  +  r  : :  n  x  "^f  *  T  the  time  in  the  equatorfrom* 

v>D 


•wire  to  wire,  seen  from  the  earth's  center.  Now  the  time  of  the  image  from  wire 
to  wire,  is  cateri$  pawbus,  as  the  angle  subtended  by  the  interval  of  the  wires  at 
tb£  object  glass,  or  as  its  vertical  angle,  or  the  angle  described  by  the  moon  about 
tlte  supposed  place  of  observation;  but  the  velocity  of  the  tnocm  and  the  angle 
described  being  given,  the  aic,  and  therefore  the  ftroe,  is  as  the  distance; 

the  tame  seeu  from  the  center  of  the  earth  (n  x  l       j'f)  :  time  at  tibe- 

1.  oo 


spectator:,  c  5s  difct.  from  center  :  <i  9s  dist.  from  spectator:;  sin.  ap,  #en. 

true  zen.  dist  therefore  the  intepaL  of  time  (f)  at  the  spectators 
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.,  hence,  Log.  t  =  6,8427*  +  7. 


s.ap.zen.dist. 
L.  (1440  +  r)  +  Z.  Req.  Tab.  IX.  +  1.  sec.   <t  's  dee. -30. 

On  the  Principles  of  Dialling. 

1  112.  As  the  apparent  motion  of  the  sun  about  the  axis  of  the  earth  is  at  the 

!  rate  of  15°  in  an  hour,  very  nearly,  let  us  suppdse  the  axis  of  the  earth  to  pro- 

I       •  JIG.    ject  jts  shadow  into  the  meridian  opposite  to  that  of  the  sun,  and  then  this  me- 

|  17>      ridian  will  move  at  the  rate  of  15°  in  an  hour.     Hence,  let  *P.RpJHrrepiesent  a 

i  meridian  on  the  earth's  surfece,  POp  its  axis,  *  the  place  of  the  spectator, 

!  HKRV  a  gieat  circle  of  which  z  is  the  pole ;  draw  the  meridians  Pip,  FVp,  #c. 

i  making  angles  with  PRp  of  15°,  30°,  $c.  lespectively;  then  supposing  PR  to 

1  be  the.  meridian  into  which  the  shadow  of  PO  is  piojectect  at  12  o'clock, 

'  Pi,  P2,  $c.  are  the  'meridians  into  which  it  is  projected  at  1,  2,  8$c.  o'clock, 

!  and  the  shadow  will  be  projected  on  the  plane  HKRV  in  the  lines  OR,  01, 

!  02, <§«.»  and  the  atcs  Jfcl,'#2>  %c.  wiE  meaevae  the  angles  ROl,  #02,  %c. 

\  between  the  12  o'clock  line  and  the  1,  2,  #c.  o'clock  lines.    T$ow  in  the  right 

\  angled  triangle  PRl,  we  have  PR  (84)  the  latitude  of  the  place,  and  the  angle 

RPl  =  15°;  hence,  rad.  .  tan.  15°    sin.  PR    tan.  Rl ,  in  the  same  manner  we 
I  may  calculate  the  arcs  #2,  JBS,  4"C.     In  this  case  we  make  the  earth's  axis  the 

\  gnomoto ,  and  the  shadow  is  projected  upon  the  plane  HKR  V.    But  if  we  take  a 

!    •  plane  abed  at  z  parallel  to  HKRV,  and  consequently  parallel  to  the  horizon 

j  at  z,  and  drawer  parallel  to  POp,  then  on  account  of  the  great  distance  of 

the  sun  we  may  conceive  it  to  revolve  about  xr  in  the  same  manner  as  about 
Pp,  and  consequently  the  shadow  will  be  projected  upon  the  plane  abed  in  the 
same  manner  as  the  shadow  of  PO  is  projected  upon  the  plane  HKRV,  and 
therefore  the  hour  angte*  ate  caktjkted  by  the  same  proportion.  This  is  an 

ifc_.      _  i ,     ...  **  4&*  m  -*        J    £     A  '     '  ,   >*  1        ',  f,      '    '  *  '< 


« ,' 


.  ,, 

Fid.  '  US.  Ifttot&yjfoJtWrfgitwt  circle  perpendicular  to  PRpHz,  and  con- 
19.  sequentiy  perpendicular  to  the  horizon  at  *,  and  the  side  next  to  H  is  full  south. 
Then,  for  the  same  reason  as  before,  if  the  angles  Npl,  Np2,  8$c  be  15°,  30°, 
%.  the  shadow  of  pO  will  be  projected  into  the  lines  01,  02,  $c.  at  1,  2,  %c. 
o'clock,  and  the  angles  NOl,  Jv"02,  will  be  measured  by  the  arcs  Nl,  #2,  <§•<?. 
flettce,  in  the  right  angled  tiiangle  ^l  ,  pN=fae  complement  of  the  latitude, 
and  ^he  angle  Npl  =15°,  therefore  rad.  •  tan.156  ••  sm._p.Zv"  tan.  Nl;  in  the 
sanW  mimWt  we  ftud  N2,  N&,  $c.  Hence,  for  the  sariie  reason  as  for  the  hoi 
mzdntal  dial,  ii?  *«&  be  a  plane  coinciding  with  N&%£9  and  st  be  parallel  to. 
Op,  st  will  project  its  shadow  in  the  same  manner  on  the  plane  »abc  as  Op 
does  on  the  plane  NtxK,  and  itaete&re  &*e  ^xour  angles  from  the  12  o'clock 
line  are  computed  by  flie«ai&e  pjropottidn,  This  is  a  vertical  south  dial.  In  the 
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same  manner  the  shadow  maybe  projected  upon  a  plane  in  any  position,  and  the 
horn  angles  be  calculated. 

114.  In  order  to  fix  an  horizontal*  dial,  we  must  be  able  to  tell  the  exact 
tame  of  the  sun's  coming  to  the  meridian,  for  which  purpose,  find  the  tame  (92) 
by  the  sun's  altitude  when  it  is  at  the  solstices,  because  then  the  declination 
does  not  vaiy,  and  set  a  well  regulated  watch  to  that  time,  then  when  the 
watch  stews  12  o'clock,  the  sun  is  on  the  meudian  j  at  that  instant  theiefore 
set  the  dial  to  12  o'clock,  and  it  stands  light. 

115.  Hence  we  may  easily  draw  a  mendian  line  upon  any  horizontal  plane. 
Suspend  a  plumb  line  so  that  the  shadow  of  it  may  fall  upon  the  plane,  and 
when  the  watch  shows  12,  the  shadow  of  the  plunab  line  is  the  true  meridian. 
The  common  way  is  to  descube  several  concentric  circles  vpon  an  horizontal 
plane,  and  in  the  center  to  erect  a  gnomon  perpendicular  to  it  ynth  a  sm^Jl 
round  well  defined  head,  like  the  bead  of  a  pin  j  make  a  point  upon  any  one 
pf  the  circles  where  the  siwjow  of  the  head,  by  the  sun,  Ms  upon  it  on  the 
molding,  add  agaiot  wjiere  it  falls  upon  the  same  circle  in  the  afternoon,  diaw 
two  radii  from  these  two  points,  and  bisect  the  angle  which  they  form,  and  it 
will  be  a  meridian  line.     This  should  be  done  when  the  sun  is  at  the  tropic, 
when  it  does  not  §ensubly  change  its  declination  w  the  interval  of  th?  obser* 
vation;  for  if  it  do,  the  sun  will  not  (107)  be  equidistant  from  the  meridian 
at  equal  Altitudes.    This  method  is  otherwise  not  capable  of  very  great  accu- 
racy, as,  from  the  shadow  not  being  veiy  accurately  defined,  it  is  w>t  easy  to 
say  at  what  instant  pf  time  the  shadow-of  the  head  pf  tl^e^nompn  is  bisected  by 

circle.  ,  If,  however,  several  circles  be  ma4e  use  of,  and  the  mean  of 
ta^ns  jtb$  mp4ia»  my  ;be  gfttpn  with  s^^wt^c^)^/  &?,  i 

PyW^*^^     ^     ,  ,  /,  'i'flti    i  '''V  4'f  *\<*l  <    /'*    <~  t    »\.         r>    *      **'  ' 

116.  To  find  whether  a  wall  be  full  south  for  a  vertical  south  dial,  erect  a 
gnomon  perpendiculai  to  it  and  hang  a  plumb  line  fiom  it,  then  when  the 
watch  shows  12,  if  the  shadow  of  the  gnomon  coincide  with  the  plumb  line, 
the  wall  is  fuH  south.  , 
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CHAR   III. 

TO  DETERMINE  THE  EIGHT  ASCENSION,  DECLINATION,  LATITUDE  AND 
LONGITUDE  OF  THE  HEAVENLY  BODIES 

Art  11 7.  THE  fouftd&tion  of  all  Astronomy  is  to  determine  the  situation  of 
the  fixed  stars,  in  order  to  find,  by  a  reference  to  such  fixed  objects,  the  places 
of  tire  ^hferb6&ea  at  any  given  time,  and  from  thence  to  deduce  their  proper 
rfiertjorisl"  '-Tfefe  posttSctaVof  the  fixed  stara  are  found  from  observation,  by  find- 
ifeg^feeir  right  &seensions  attd  declinations  by  means  of  the  transit  telescope 
afld  astronomical  <juadrani,  as  explained  in  my  Treatise  on  Practical  AsWonomy  ; 
aid  thein  by  computation  their  latrttides  anfl  longitiides  *n&y  be  found. 
3 18.  NtWas  the  earth  involves  uniformly  abputits  axis,  the  appatfent  tno-^ 
Ut;IievheaVetlly  bodies*  arising  from  this  motion  of  the  efcrth,  must  be 
^^  ***  ^fetootiottis  pfttaftel  to  tfofe  equator,  th^interyal  of  the  times, 
'ai^r  Itffo  steals  pass  over  any  meri<$iaji,  must'  be  in  ^rtqpdrtiott  to  the 
irtb  of  tHe"  aquatdr  intercepted'  between  the  two  secondaries  passing  through 
BedauseS  (IS) 'this  'arc  of  the  equator  contains  the  same  number  of  de» 
tin  tile  arc'bf  any  stnall  cifcle  parallel  to  it  and  comprehended  bdtateen 
;  and  therefore,  if  one  increase  uniformly,  the  other  mtist. 
Heiice,  the  right  ascension  of  staxs  passing  the  mendian  at  drfiferent  tJtces  will 
iiiffer  in  propdrtiofi  to  the  difference  of  the  times  of  their  passing ;  and  ad  Hie 
diock  id'  supposed  to  go  uniformly,  we  have  the  following  ftde :  As  the  inter- 
val of  ifoe  times  of  the  passage  of  Any  fixed  star  over  the  mendian  -  the  inter- 
val of  the  passage  of  any  two  stars ,:  36O° :  their  apparent  difference  of  light 
^*«w^  Ibr  tfaw^r  ab^ration  in  right  ascension,  gives  their 
By  &e  same  method  we  may  find  the  dif- 
nslons  of  tb6  stin  ot  moon,  when  they  pass  the!  meridian, 
and  a  star,  and  therefore  if  that  of  the  star  be  known,  that  of  the  sun  or  modn 
-will ;  which  will  be  rendered  more  exact,  if  we  compare  them  with  several  stars 
and  take  the  mean ;  remembering  to  apply  the  star*s  abeiration  in  right  ascen- 
don  to  the  apparent,  in  order  to  get  the  true  difference.    When  we  thus  deter- 
mine  the  sun's  right  ascension  from  that  of  a  star,  the  sun's  aberration,  which  in 
Jw^itndeis  always  20",  is  not  here  considered,  because  the  sun's  place  in  the  ta* 
Jblpa  is  pttb  do^ni  as  affected  by  aberration ,  and  the  use  of  observing  the  sun's 
tight  ascension  i»  to  compare  it  with  the  tables  in  order  to  find  their  error. 

119.  Now  to  4ete*nune  the  right  ascension  of  a  fixed  star,  Mr.  FLAMSTEAD 
proposed  a  method,  by  comparing  the  right  ascension  of  the  star  with  that  of 
the  sun  when  near  tile  equinoxes,  and  having  the  same  declination ;  and  as  this 
has  not  been  explained,  we  shall  give  a  very  full  explanation  thereof, 
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together  with  an  example.  Let  AGCJ£E  be  the  equator,  ABCWE  the  ecliptic, 
S  the  place  of  the  star,  and  Sm  a  secondaiy  to  the  equator,  and  let  the  sun  be  I9f* 
at  P9  veiy  near  to  A,  when  it  is  on  the  meridian,  and  take  CT—PA,  and  diaw 
PL*  TQ  perpendicular  to  AGC,  and  QL  parallel  to  AC,  then  the  sun's  decli- 
nation is  the  same  at  T  as  at  P.  Obseive  the  meridian  altitude  of  the  sun 
when  at  P,  and  also  the  time  of  the  passage  of  its  center  over  the  meridian  j 
observe  also  at  what  tune  the  star  passes  ovei  the  mendian,  and  then  (118)  find 
the  apparent  difference  Lm  of  their  light  ascensions.  When  the  sun  approaches 
near  to  T,  observe  its  mendian  altitude  for  several  days,  so  that  on  one  of  them, 
at  f,  it  may  be  greater  and  on  the  next  day,  at  <?,  it  may  be  less  than  the  men- 
dian altitude  at  P,  so  that  in  the  intermediate  time  it  may  have  passed  through 
jF/  and  drawing  tb,  es  perpendicular  to  AGCE9  observe  on  these  two  days;  th<* 
diffeiences  bm>  sm  of  the  sun's  nght  ascension  and  that  of  the  star  j  diwalso 
TO  parallel  to  Qo,  Hence,  to  find  Qb>  we  may  consider  the  variation  both*  of 
the  nght  ascension  and  declination  to  be  uniform  foi  a  small  time,  and  conse- 
quently fc?  be  ptfoportiatial  to  each  other;  hence,  vb  (the>  change  of  meridian 
altitudes  in  one  day)  :  ob  (the  difference  of  the  meridian  altitudes  at  t  atid  T9 
or  the  difference  of  declinations)  :  t  sb  (the  difference  of  sm,  bm  found  by  obsei- 
vation)  :  Qb9  which  added  to-fotf,  or  suj/tracted  from  ft,  acco*  ding  to  tile  situa- 
tion of  m,  gives  Qmy  to  tirhich  add  Zm,  or*'  take  their  difference,  according  to 
ciicumstances,  and  we  get  QL,  ^hich  subtiacited  from  AGG>  on  180°,  half 
the  remainder  will  be  AL  tlie  sttri  *s  nght  ascension  at  the  first  observation,  to 
which  add  ^Lm  and  we  get  thd  star's  nght  ascension*  at  the  same  time*  Instead 
of  finding  1>Q9  we  might  hatfe  found  $Q,  by  tatog  ZQ*~es  for  theeacofcd  tertn^ 
and  from  theace  we  shcmld  b  a  v^  gotten  Qfa  Tbtui  we  shoold  get  the  right  a*. 
tension  *f  'ttatt,  «paa  &iip?o^6a  tisa*  lU^HWitioii  *tf,*he  ^jtittor  hud  i«* 
mamed  the  same,  and  the  apparent  place  of  the  star  had  not  varaed,  m  the  in- 
terval of  the  obseivations.1  But  the  intersection  of  the  equator  with  the  eclip* 
tic  has  a  retrogiade  motion,  'cdled  the  Precession  of  the  Equmo&c&  j  also,  the 
inchnation  of  the  equator  to  the  ecliptic  is  subject  to  a  variation,  called  tke 
Nutation  ,  and  fiom  the  Aberration1  of  the  star,  its  apparent  place  is  contiftto- 
ally  changing.  The  efifects  of  all  thefee  circumstances  m  changing  the  rightf  as- 
cension  of  the  star  will  be  explained'  and  investigated  m  their  pirdp^r  plactfs. 
Now  Tables  VII.  and  VIII.  '(see  Vol.  II.)  contain  these  corrections  ^for  36  prin- 
cipal stars  j  that  i&,  if  thfc  mean  nght  ascension  of  ajajr  star  b^  taken  'for  the  be- 
ginning of  the  year,  and  tfeese  cctoectiofcs  l?e  applied  to  it,  acceding  to  their 
signs,  for  any  day,  the  result  gives  the  apparent  right  ascension  of  the  stat  for 
that'  day.  <  < 

120.  Let  tlierefoie  ABCE  be  the  ecliptic,  AGCE  the  position  o£  tb^  equa-  F1C- 
tor  at  the  first  observation  when  the  sun  was  at  P,  and  aged  the  po^Uj^of  the  20.* 
equator  at  the  time  of  the  observation  at  the  other  equinox,  and  take  TC^ 
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and  draw  TQ  perpendicular  to  AGCE,  as  before,  and 'draw  Qq  parallel  to  ABC, 
and  tqr  peipendicular  ioAGCE;  let  Ae  be  also  peipendiculai  to  aged.    Now 
as  the  position  of  the  equator  and  the  apparent  place  of  the  star  are  altered  in 
the  time  between  the  two  obseivations,  let  m  be  the  point  where  a  secondaiy 
froai  the  appaient  place  of  the  star  to  the  equator  at  the  fiist  obseivation  would 
cut'it,  and  v  the  place  at  the  second  obseivation,  and  diaw  vw  perpendicular 
to  AGCE  ;  then  Am  is  the  apparent  right  ascension  of  the  stai  at  the  first  ob- 
servation, and  <w?  at  the  second.     Also,  the  sun  must  be  at  t  wbeu  it  has  the 
same  decimation  tq  at  the  second  observation  as  it  had  at  the  first,  and  conse- 
quently qv  is  the  apparent  difference  of  right  ascensions  of  the  sun  at  t  and  StaT9 
which  diflfeienxie  is  found  by  observation  in  the  same  majmer  as  the  diffeience 
at  T  was  before  found,  when  the  equator  wa$  fixed.     Also,  as  Qq=:Cc=Aa, 
and  the  angle  qQr=:cCQ,^Aae9  we  have  Qr^ae^Aax  cos.  Aae.    Now  if  we 
put  M  foi  the  mean  right  ascension  of  the  star  at  the  begimung  of  the  year, 
and  S  foi  the  sum  of  all  the  collections  due  at  the  time  of  the  first  observation, 
and  $  for  the  sum  due  at  the  secotwl ;  theft,  from  what  we  have  already  explain- 
ed iu  the  last  article,  M+S^Aw,  M+$^®v>  hence,  if  we  take  the  former 
from  the  latter,  supposing  $  to  be  greater  than  S9  we  have  $—S=zcw—Am—ae 
+  6*0  — Aw  — urn  (m  lying  beyond  w)$  but  evzzAw,  hence,  s  —  S~ac-ztm> 
consequently  wtt^oe-s— S*    Now  q*o9  or  rw,  is  known,  hence  we  know  rm, 
and  33  Or  is  known,  <Qm  will  be  known ;  and  as  we  also  know  Lm,  w;e  get  the 
value  of  QL*,  with  which  we  proceed*  as  before,  to  get  the  star's  right  ascen- 
sion«   'The  groat  advantage  of  this  method,*  is,  that  it  does  not  depend  upon 
any  determination  of  the  latitude  of  the  place,  dechnatum  of  the  sun  or  accu- 
racy  in  the  divisions  of  the  instrument.     If  the  latitude  be  known,  we  may 
find  the  declination  from  the  meridian  altitude,  it  being,  fiom  Ait.  87,  equal 
to  th*  <b#emce  bfctww*  the  i^nto  altitude  ^p4  the  complement  of  latitude, 
attd  thaft  ^^.olwimjt^  at  fob  «ee<^lA  ^*tt»o$  WiE  be  su&aeat,  because  the 
<laily  vltf btiou  of  the  dfeclinsttion  ard  right,  ascension*  may  be  taken  from  the 
!$&%uticai  AUoaaaCf    Havmg  thus  determined  the  right  ascension  of  one  star, 
the  right  ascension  of  aJl  tUe  heavenly  bodies  may  from  thence  be  found  (118). 
,    If  the  p'ght  ascension  of  a  st$i,  which  is  notln  these  tables,  .should  be  re* 
jjuii^d,  >the  porfectoona  piuat  be  computed  by  the  Rules  which  we  shall  give  in 
tib^t  fjop^r  places.    If  the  right 'ascension  pf  the  starve  first  computed  with* 
out  '/st^ttdeaug  tb^se  corrections,  it  will  b$  sufficiently  accurate  to  compute 
the  (WftiW  frsm^  md  then  they,ffiay  b^  apphed 


*  la  all  tbe$e  case*,  If  you  draw  the  figure  and  put  the  star  m  its  pioper  place,  and  put  m  and  tv 
in  their  proper  sitoafiotefy  wtyitih  may  be  done  byf  observing  whether  ep>  or  Am  be -the  greater,  you 
wdl  immediately  s&& Wfeit  qoaatiti«to  ate  to  lie  addWl  &$&&&,  and  what  subtracted  Tins  figure  19 
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LATITUDE  AND  LONGITUDE   OF   Tilt  HEAVENLY   BODIES. 

Ex.  Let  it  be  required  to  find  the  right  ascension  of  Pollux  on  March  24,  m 
the  year  1768,  fiom  Dr.  MASKELYNE'S  observations. 

On  Maich  24,  Pollux  passed  the  meridian  at  7  A.  Si'.  S8",  and  on  the  25,  at 
7A.  Si'.  37",66 ;  on  the  same  day  the  sun  passed  at  Oh.  16! .  35",5  ;  hence,  the  ap- 
parent difference  of  the  AR's.  of  the  sun  and  Pollux  on  the  24th,  allowing  foi  the 
eiror  of  the  clock  (122),  was  7/>.  15'.  2",46:=1080.  45'.  36',9  =  Lm.  Now  on 
Maich  24, 

Appar.  zen.  dial.  0  L.  L.          -          -          49°.  58'.  58",7 
Semidiam.      -          -          ~          -          -  —16.     4,  4 


Appar.  zen<  dist.  0  ccn.        -    *    -        -        49.   42.  54,  9 
Paiallax        -         -         -         -         -          -  —6,  7 

Refi.  cor.  for  Bai.  and  Ther,         ^         -  +   1.   10,  4 


True  zen.  dist.  ©  cen.  49.   43    58 

Tmc  mendwi  altitude        -         -         -         40.    1C.    2 


To  find  when  the  sun  had  the  same  meiidian  altitude,  01  declination,  just 
before  it  came  to  the  next  equinox,  let  us  take  Sept.  18,  on  winch  we  find, 
Appar.  Sen.  dist.  ©  L.  L.          -          -          50°.     8',  S7/x,8 
JJemidiam.         -         -          -         -         *          —   15.  59, 4 


Appar.  zen.  dist*  ©  cen.        -  49.   52.  38,  * 

Parallax        -         -         -          «        -         .  —   6,  7 

Reft,  cor*  for  Bar*  and  Ther.         -         -          *   l,     5,  8 


*         *        -       •  4      88.  S7,  A 
True  meridian  altitude  40.     6.  22,  5 


As  this  altitude  is  less  than  that  on  March  24,  the  instant  of  time  when  the 
sun  had  the  same  declination  as  on  the  24th  must  be  before  the  18th  j  theicfoie 
as  the  sun  on  the  18th  had  gotten  beyond  that  point  where  its  declination  was. 
the  same  as  at  P,  we  must,  from  the  difference  of  the  right  ascensions  of  the 
sun  and  star  observed  on  that  day,  subtract  the  increase  of  the  sun's  light  as* 
cension  between  the  18th  and  that  point  of  time  when  the  declination  was  the 
same  as  at  P,  in  order  to  get  the  difference  of  the  apparent  right  ascensions  at 
thfc  time  when  the  sun's  declination  was  the  same  as  at  P,  We  may  also  ob- 
seive,'  that  the  difference  of  any  two  true  meridian  altitudes  is  the  same  $s  the 
difference  of  the  declinatipns  at  the  same  times.  Now  as  the  sun's  altitude  was 
not  observed  on  the  17th,  we  wiU  take  the  change  of  declinatioja  for  tjiat  day 
from  the  Nautical  Almaifec,  which  is  23'.  SO"  ,  also,  the  increase  of*  tie  sun's 
AR.  for  that  day  was  3*.  36"  m  time,  or  54'  in  space.  The  difference  of  the 
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tiue  meridian  altitudes,  61  the  diffeience  of  declinations  on  Maich  24,  and 
Sept  18,  was  9'.  39",  S  ,  hence,  23'.  20"  9'.  39",5'-«54'  22'.  21,  "4,  the  mciea^e 
of  the  sun's  light  ascension  fiom  the  time  bcfbie  the  18th  at  which  the  decli- 
nation was  the  same  as  on  Maich  24,  to  the  18th.  On  Sept.  18,  Pollux  passed 
the  mendian  at  7//<  SO7.  39",  9,  and  on  the  19th  at  1h.  30'.  40".  On  the  18th  the 
sun  passed  at  ll//.  44'.  53",33  ;  theiefoie  the  appaient  diffeience  of  the  AR'% 
of  the  sun  and  Pollux  on  that  day,  allowing  for  the  eiroi  of  the  clock  (122)5 
was  4/j,  14;.  13';,5  -63°.  33'.  22",  5,  from  which  subtract  22'.  2l",4,  and  we  have 
63°.  11'.  l"9l=:j7t>.  Now  to  get  tlxe  correction  in  Table  VIII.  \ve  must  have 
the  place  of  the  moon's  ascending  node,  which,  fiom  the  Lunar  Tables,  is 
found  to  be  9s.  17°.  45'.  28"  on  Mai  fix  24,  and  9s.  8°.  19'.  54"  on  Sept  18. 
Hence, 

Maich  24,  Con  ection  f?om  Table  VII.  >       ,  .  4-    19",  2 

--  _  VIII. 


4-    38,  7  = 

Sept.  18,    Collection  fiom  Table  VIL  >       ,  ,  4-   3l",3 

--  VIIL     ied"  to  sl^ce  +   20 


Hence,  $-S~l2\6. 

Piec.  of  Equui.  fiom  Marcli  24,   ) 
to  Sept.  18,  Table  XV.  3 

Venation  of  the  cquat.  of  equinoxes,  Table  XVI. 


True  IPrecessipn  in  the  interval      .......    -    25,  Q~ 

Cos.  23°.  28'      .........     .....      ,917 

23,  4f- 


° 


Hence,  mw  =  23",4  -  1  2;/?6  =  1  Ow,8  ,  thei  efore  rm  ^rw-ww  =  qv-  m®  =  63 
10'.  49",3;  to  this  add  Qr  =  23w,4,  and  we  have  Qm  =  63°.  11'.  12",7,  which 
bemg  added  to  Lm=:  108°.  45'.  36",9  we  have  iQ  =  171°.  56'.  49",6,  which  sub- 
tracted  from  180°,  half  the  difference  is  4°.  l'.  35\2-AL  the  sun's  right  as- 
,  -  ,)  cension  on  March  24,  to  which  add  Lm=  108°.  45'.  36W?9  and  we  get  112°.  47'. 

I  ^  J1  12",1  the  apparent  light  ascension  of  Pollux  at  the  same  time  ;  and  if  from  this 

i  ;   jl  we  subtiact  38",7  the  equation  at  that  time,  we  get  112°,  46'.  33",4  for  lismean 

right  ascension,     llns  conclusion  diffeis  a  little  from  that  detei  mined  by  Dr, 
MASKBLYNE  m  Table  VI,  fiom  the  mean  of  seven  obseivations. 
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121.  But  the  method  made  use  of  by  Da.  MASKELYNE  m  settling  the  n»ht 
ascensions  of  the  stais,  though  founded  upon  the  same  pimciplc  as  this  of  Mi. 
JJLAUSTKAB,  is  chffcient  in  its  piocess,  and  piociued  him  the  advantage  of  a 
gieatci  aumbei  of  obseivations,  both  of  the  sun  and  stais,  in  the  same  time 
and  consequently  enabled  him  to  fix  the  nghl  ascension  of  the  stais  with  o-reatei 
accuracy  m  a  shoitci  tame.     He  took  «  Aqwte  foi  his  fundamental  stu    and 
assumed  its  nghl  ascension  as  settled  by  Di.  BIUDLEY,  icducing  it  to  the' time 
oi  Ins  obseivations  by  the  mean  precession,  and  aftcnxaids  making  the  follow- 
ing  collection.     By  compaimg  a  gieat  many  obseivcd  tiansits  of  such  stais  as 
he  thought  piopoi  to  select,  with  that  of    Aquilac,  in  vanous  paits  of  the  ycai 
and  applying  the  pioper  equations,  he  obtained  then  mean  light  ascensions  re' 
lative  to  that  of  «  Aqud*  assumed,  or  affected  Midi  the  same  enoi ,  aud  com- 
paung  the  tiansits  of  the  sun  neai  the  equinoxes  *ith  those  of  the  above  men- 
tioned  stais  obsci red  on  the  same  day,  he  obtained  the  sun'*  right  ascension 
iclative  to  that  of  «  Aquite  assumed     Fiom  the  observed  zenith  distances  of 
the  sun  on  the  sam*  days,  collected  for  lefiaction,  paiallax  and  the  eiior  of 
the  line  of  collimatton,  with  the  appaient  obliquity  of  the  ecliptic  at  the  time 
he  deduced  the  sun',  1IgM  ascensions     and  then  by  compaung  the  gun's  uohj 
ascensions  deduced  fiom  the  obseived  tiansits  with  those  deduced  fiom  his  ob 
soucd  zemth  distances  at  equal  01  ncaily  equal  declinations  of  the  same  kmd 
neai  both  equinoxes,  he  deduced  the  enoi  of  the  assumed  i,ght  ascen  ion  of 
.  Aquito,  which  cmne  out  3",8  additive.    He  ohseued  furthe?,  that  mthc  uf 
terval  of  12  yeais,  which  passed  between  the  settling  of  Di.  BIUDLEY'S  Cata" 
logue  about  1755  and  his  own  about  1767,  the  precession  in  nght  ascen  on 
was  d^mshed  by  2",16  by  the  acton  of  the  planet,.     Theiefme  if  this  ha 
been  allowed  m  assuming  the  light  ascension  of.  Aqml*  from  Dr.  BRADY'S 
deteiminabpn    the  collection  of  the  right  ascens.on  of  .  Aquil*  ^ould  luuc 
come  out  s  ,06  additive,  01  at  the  iate  off  a  yeai,  which  agrees  veiy  wclUi  , 
the  annual  piope,  motum  of  .  Aquite  deduced  nom  othei  obseivatols      L 
MASKELYNE  has  also  given  the;  following  method.  ' 

Assume  the  mean  AH  of  the  stai  at  the  beginning  of  the  yeai,  and  thence 
by  applymg  the  equations,  compute  its  am,ent  AR  on  two  la}  s  of  the  ye  J 
*hen  the  sun  has  neaily  equal  declinations  on  the  same  side  of  the  c  Lfo 

LTstTV^          0n%0bSC1Ved'  aJKUhen  byth°  °bseiw'1  *^ienc    o   t  ; 
transits  of  the  sun  and  stai,  compute  the,  two  appa,ent  AK*  of  the  sun  -md 

star    call  flu.  by  the  star.    Coirect  the  obSeive<l  Luth  dances,  of     e    u 
by    he  couection  of  the  line  of  colhmat,on  (lf  necessaiy),  icLction  a 
paialla,   and  you  will  obtain  xts  apparent  zenith  distances,  a^Lted  only  b,  1 
enoi  m  the  latitude  of  the  place,  making  an  cnoi  m  the  dechnation     To  th^' 
n>ean  obliquity  of  the  ecliptic  at  the  beginning  of  the  ye*    v^vL  „ 
t^onal  p»t  of  the  annual  dimmu.on,  the  co,&ection   o    ^ 
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and  the  equation  depending  on  the  place  of  the  moon's  node,  and^  you  will 
have  the  appaient  obliquity,  \\ith  which  and  the  two  declinations  of  the  sun 
befoie  found,  compute  the  t\vo  AR'*  by  the  sun  ;  call  this  by  Hie  dectoutton. 
Subtiact  the  sun's  AR  by  tJic  tlar  horn  his>  AR  by  tlie  decimation  neoi  the  ver- 
nal equinox,  and  call  the  ditfeieuce  a  put  down  with  its  piopei  sign.  Do  the 
same  foi  the  autumnal  equinox,  and  call  the  ditfeience  d.  Then  }  (a  +  b)  is 
the  cou-Qctionof  the  mean  AR  of  the  sUr  at  the  beginning  of  the  ycai.  This 
collection  bang  applied  to  the  two  All's  of  tlic  sun  by  the  slai,  will  give  the 
appaient  AR's  of  the  sun  at  those  tunes.  Foi  let  A  =  app.  AR  of  O  at  P  by 
the  star,  A  that  at  T,  U=  ©s  AR  at  P  by  the  declination,  B'=  that  at  T;  y  = 
collection  to  be  applied  to  concct  the  computed  decimation  of  the  sun,  and 
let  1  .  n  0s  eiroi  {»  in  dccl.  -'couespoiulmg  cn'or  m  AR=.vy-  Now  an 
jnciease  of  declination,  iticreases  the  AR  in  tliejfo  */  quadiant,  and  decreases  it  in 
the  Mcond,  hence,  an  incicasc  (tof)  ol'AR  in  tlie  fiist  quadiant,  makes  it  D  +  m/f 
and  in  tlie  second,  B'-ny  ,  the&c  \ve  may  considei  as  the  tmc  AR's  of  the  « 
fionx  Hie  declination  ,  also,  the  tme  AR'*  from  Llie  t>lar  (putting  a  =thc  collection 
of  the  mean  AR  of  the  star  at  the  beginning  of  the  year)  aic  A  +<r  and  A  4  *  / 
hence,  ^  +  *  =  JB+»^,  A'+x=B-*y,  and  *=•£  (.B  -  4  +  #  -  ^0  J  but  «  = 
7J  -  ^,  *  =  B'  -  A'  ,  thercfoi  c  x  -  %  («  +  &).  Furthei  ,  #  =  \n  (  J5  -  B'  +  A'  -  A) 
erior  in  declination.  But  l  :  n  ~PL  '~AP  ;  now  sui.  ^P=tan.  PL  x  cot. 


•  • 

A,  thciefoic  sTiOP  =ZFx  cos.  AP  =  ZFx  cos.  PIS  x  cot.  ^4,  and  1  .  nji. 
ros.  /JP    sec.  P/>  x  cot.  A  ;  bcuce,  y  =  ^  (U  -  J31  +  A  -  A}  x  cos.  AR  x  cos. 

dec?  x  tan.  obi.  eel. 

JJy  making  a  gicat  nuraboi  of  obsenations  of  tins  kind,  and  taking  the 
mean,  Ihe  AR  of  a  btai  may  be  veiy  acciuatoly  detcimmcd.  Di  MASKEJANE 
obsencd,  that  this  method  u>  moie  umple  than  that  of  Di.  BRADU.Y,  or  DK 
LA  CAIW.B,  though  on  the  same  punciple,  first  mtioduccdby  FLAM&TKAD. 

122   The  piactical  method  of  finding  the  right  ascension  of  a  body  fiom  ihai 
of  a"n\«l  star,  by  a  clock  adjusted  to  sidereal  time,  is  thus.    Let  the  clock 
bo-  ,n  its  motion  Jioin  O//.  0'.  0"  at  the  instant  the  fast  point  of  Aiics  is  on  the 
meridian  ,  then,  when  any  star  comes  to  the  mendian,  the  clock  would  show 
the  appaient  light  ascension  of  the  star,  the  light  ascension  being  estimated  m 
time  at  the  rate  of  15°  an  horn,  piowdcd  the  clock  was  subject  to  no  crroi  ,  be- 
caa,e  it  would  then  show  at  any  time  how  fin  the  fast  point  of  Anes  was  from 
the  meridian.    But  as  the  clock  is  nccessanly  liable  to  eii,  we  must  he  able  at 
aav  time  to  ascertain  what  its  en  ox  is,  that  is,  what  is  the  difference  between 
the  light  ascension  shown  by  the  clock  and  the  light  ascension  of  that  point  of 
the  equator  which  is  at  that  time  on  the  meiidian.    To  do  this,  we  raubt,  when 
a  ftai,  Tihose  appaient  right  ascension  is  known,  passes  the  meridian,  compare 
its  appaient  nght  ascension  with  the  light  ascension  shown  by  the  clock,  and 
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Ihe  diffeience  will  show  the  cuoi  of  the  clock.  Foi  instance,  let  the  appaiunt 
light  ascension  of  Aldebaran  be  4k.  sa'.  .50"  at  the  time  when  it8  tiansit  ovci 
the  mendian  is  obseived  by  the  clock,  and  suppose  the  time  shown  by  the  clock 
to  be  4*.  23  .  52",  then  theie  is  an  enoi  of  2"  m  the  clock,  it  giving  the  n-lit 
ascension  of  the  star  2"  moie  than  it  ought.  If  the  clock  be  compared  with 
seveial  stars*  and  the  mean  ciioi  takeu,  *e  shall  have,  moie  accurately,  the 
enor  at  the  mean  time  of  all  the  obscivaUons.  These  observations  being  ie- 
peated  eveiy  day,  we  shall  get  the  rate  of  the  clock's  going,  that  is,  how  fast 
it  gams  01  loses.  The  eiioi  of  the  clock,  and  the  rate  of  its  going,  being  thus 
ascertained  il  the  tune  of  the  transit  of  any  body  be  obseivcd,  and  the  en  or 
of  the  dock  at  the  time  be  applied,  we  shall  have  the  nght  ascension  of  the 
body  This  is  the  method  by  which  the  light  ascension  of  the  sun,  moon  and 
planets  are  rcgulaily  found  in  Obscivatoiiob. 

Ex.  On  Apnl  27,  1774,  the  following  observations  were  made  at  Greenwich- 
«  Serpentts  passed  tlie  mendian  at  16*.  31'.  28",76,  the  moon's  second  limb 
passed  at  157,  59'.  7",76,  and  Ant**  at  167,.  13'.  55",02  sideieal  time?!  find 
the  moon's  light  ascension. 

Fust,  to  find  the  enoi  of  the  clock  by  the  tiansit  of  the  stout. 
Mean  AR.  of  «  serpentts  at  begin,  of  1790  by  Tab.  VI.     15*.  33'  55"  84. 
Recession  in  16  years  by  Tab.  VI.  .         .  -  46    94 

Meon^A  at  begin,  of  1774         ....         13   .,     ,    Qn 

r*        j?        i  i  |J>^*    *jo9      o«   yo 

Coi.  for  aber.  and  piec.  to  April  27,  by  Tab.  VII.  +     212 

Cor.  for  nutation  by  Tab.  VIII.    -        ....  n   o« 

"*"        U^    u&O 

App.  AS.  by  the  tables        .....         J5    „„          ,„ 

App.^.  by  *e  clock       .        ..... 


En  01  of  the  clock  by  «  serpcnhs  too  slow 


L 


Mean  AR.  of  4wfanw  at  begin,  of  1790  by  Tab.  VI.         16.  16. 
Piccession  in  16  yeais  by  Tab.  VI.          -         . 

"  *  —*• 


Mean  AR.  at  begin,  of  177 *       t.         _         .         m         10    lr • 

Coi,  for  abci.  and  piec.  to  Apnl  27,  by  Tab.  VII.    "  „  1'  °o'  !^ 

Cor.  for  nutation  by  Tab.  VIII ^  °8 

*  —      O,  09 

«  Tlie  stais  u,cd  fin  thtt  pniposc  at  Ui«  OWi»a1<ny  atC.remudi  arc  those  m  Tab  VI  wl 
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App,  AR.  by  the  tables        .....          16    15.  J7, 
App.  AH.  by  the  clock        .....         16    IS.  55, 


En  or  of  the  clock  by  antares  too  slow         -        -         -  1.  42,  OC 


The  mean  of  these  t\\o  enois  gives  l'.4l2",O45  foi  the  eiroi  at  the  middle  be- 
tween the  times  of  the  transits  of  the  two  &tais,  01  at  15//.  52',  41",  89.  No\\ 
fiom  knowing  the  enoi  of  the  clock  at  this  time,  and  the  late  of  its  going,  \\e 
must  find  the  error  at  the  time  the  moon  passed,  which  may,  in  this  case,  be 
considered  the  same,  the  times  being  neaily  equal.  Hence, 

Moon  passed  the  meridian  by  the  clock       -        -        -         15\  59'    7",75 
Euoi  of  the  clock,  too  slow +     1    42,0*5 

Tme  AR.  of  the  moon's  2d  limb         -         -        -        -         16    0   49,  795 


Do.  in  degrees 8s.  o°.  12'   26",<) 

Moon's  seimd.  in  AR.  (109) -17.13,5 

Tme  AR.  of  the  moon's  center          -        -        -        -    7  .  29.  55.  13,4 


The  error  of  the  clock  is  gcneially  detei mined  by  a  gieatei  numbei  of  stais, 
when  they  can  be  obscivcd,  and  the  mean  eiroi  fiom  day  to  day  gives  the  late 
of  its  going,  fiom  which  we  may  find  the  enoi  at  any  other  time.  Foi  in- 
stance, on  August  8,  1769,  I  found,  from  taking  the  mean  of  the  eirois  of 
four  stais,  that  the  mean  error  of  the  clock  was  2*,32,  too  fast,  at  16//. 
21'.  18",  being  the  mean  of  all  the  times  when  the  stais  were  obseivcd,  and 
on  the  9th  the  eiror  was  2",09,  too  fast,  at  I3h.  52'.  58",  the  mean  of  all  the 
times.  Also  Jupiter  pasged  the  mendian  on  the  9th  at  I4fu  4&.  10",4.  Now 
the  interval  between  the  8df*'  16/*.  21',  18"  and  9d.  IS/*.  53'.  58"  is  521*.  Si'. 
40%  in  which  time  the  clock  lost  O",23,  also,  the  interval  between  ISA.  52'* 
58"  and  14k  49'  10",4  is  56;.  12%4;  hence,  2lA.  Si'.  40"  56'.  12",4  0",23 

:  o",009,  which  is  what  the  clock  lost  m  the  second  mteival,  theiefoie  when 
Jupiter  passed  the  meiidian,  the  clock  was  2",09  -  0",009  =  2",08  too  fast, 
which  subtiacted  fiom  l*k.  49'.  10",4  gives  14//.  49',  8",32,  the  appaient  light 
ascension  of  Jupiter.  To  the  appaient  AR.  apply  the  aberration  in  A.R.  and 
you  get  the  true  AR. 

123.  The  right  ascension  of  the  heavenly  bodies  being  thus  ascertained, 
the  next  thing  to  be  explained  is,  the  method  of  finding  then  declinations. 
Take  the  apparent  altitude  of  the  body,  when  it  passes  the  mendian,  by  an 
astionomical  quadiant,  as  explained  m  my  Treatise  on  Practical  Astronomy, 

eonectit  lor  parallavand  refi action,  and  for  the  en  or  of  the  line  of  colhma* 
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tion  of  the  instiument,  if  necessaiy,  and  you  get  the  tme  meridian  altitude, 
the  diffeicnce  between  which  and  the  altitude  of  the  equator  (87)  (which  13 


is  the  decli- 


Ex.  On  April  27,  1774,  the  zenith  distance  of  the  moon's  lowei  limb  when 
it  passed  the  memhan  at  Greenwich  was  68°.  19'.  37",3 ,  it*  paiallax  HI  al 
itude  was  56'  19",  2,  allowing  for  the  spheroidical  figuie  of  the  eaith?  tt 
baiometer  stood  at  29,58,  and  the  theimometer  at  49;  to  find  the  deci- 
iJdtioH. 

Obseived  zenith  distance  of  L.  L.        -        .        68°.  19'   37"  3 
Itefr.  coi.  foi  bai.  and  then  Tab.  XI.  XII.  +     2*.  23 ' 


•D      it  68  .  22  .  00,  3 

Paiallax       ...  ^        ' 

.....         -  55  .  19,  2 


Tiue  ^emtli  distance  of  L.  L.  .        ,          67    2S    41 

ri  i  *"*  I     •     •fciC/  •     TP  J.  * 

* 


ri  i 

Semidiamctei 


. 


.5 


Tiue  zemtli  distance  of  the  center    -        -         «*      T     7T 
Latitude  ...  o   .     9  .     6,  i 

.....          .51  .  28  ,  40 

Declination*,^  .        .        .        _  ^^7^7 

The  Ao,«onto;pa,dlax  and  scmiduuneter  may  be  takcT^hT^^niic-d 


.r.  »«,.»^,  _  ,k  „ 

Latitude  and  Longitude, 


tang  lU  w  meant  log.  un%  iog.  tano 
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10,  =  tan.  of  the  longitude,  of  the  same  kind  as  AR,  unless  aic  B  be  more 
than  90°,  m  which  case,  the  quantity  found  of  the  same  kind  as  AR.  must  he 
subtracted  fiom  12  signs  01  360°.  4.  The  sine  of  longitude  4-  tan.  aic  B-  10, 
=  tan.  of  the  lequuocl  latitude,  of  the  same  title  as  aic  B.  N.  B.  If  the  lou- 
gilude  come  out  neai  0°,  01  neai  180%  foi  the  sine  of  long,  in  the  last  opeia- 
tion, substitute  tan.  long.  +  cos.  long.  —  10,*,  or  the  last  opeiation  will  be, 
tan.  long,  +  cos,  long.  +  tan.  aic  B  —  20,  =tan.  lat.  The  tan.  long,  is  already 
given. 

Given  tJie  Lalilude  and  Longitude  of  MI  Heavenly  Body,  and  the  obliquity  of 
the  Echjphc,  to  find  tts  Right  Ascension  and  Declination. 

1.  Sine  long  +cot.  lat.-  lO,-col.  aic  A,  which  call  north  01  south,  ac- 
coidmg  as  the  fat.  ib  not  th  01  toiriti.  2  Call  the  obliquity  of  the  ecliptic  north 
in  the  fiist  scnncnde  of  longitude,  and  south  m  the  second.  Let  the  sum  of 
aic  A  and  obi.  eclip.  accoiding  to  then  titles,,  =  aic  B  with  its  propei  title. 
3  The  auth.  comp.  of  cos.  aic  A  +  cos.  arc  B  +  tan.  long.  —  10,=  tan.  of 
<nght  ascension^  of  the  same  kind  as  the  longitude,  unless  arc  B  be  moie  than 
90°,  in  which  case,  the  last  quantity  found  of  the  same  kind  as  the  longi- 
tude, must  be  subtiacted  fiom  12  signs  or  360°,  4,  The  sine  of  AR.+ 
tan.  aic  B—lO.  —  tan.  of  the  icquned  declination,  of  the  same  title  as  aic  B* 
N.  B.  If  A  R.  come  out  near  0°,  01  neai  180°,  foi  the  sine  AR.  in  the  last 
opeiation,  substitute  tan.  AR.  +COR.  /ijR.  —  10;  01  the  last  operation  will 
be  tan.  AR.  +  cos.  AR.  +  tan.  arc  B  -20,  =  tan.  declination.  The  tan*  AR.  is 
already  given. 

DEMONSTRATION.    Let  s  be  the  body,  nn  C  the  ecliptic,   v  Q  the  equator, 
sr,  m  peipendiculai  to  vC9  <vQ.     Then  rad.     sm.  <*n    cot.  sn 
hence,  log.  sin.  T^+log.  cqt-  OT—  10,  =log.  cot.  swn  arc  A,    Hence, 
^QwC-swr  arc  B.    Als6  ' 

FIG.      cos.  s*rn  .  rad.      tan.  nw  :  tan. 

21,      iad.   .  cos,  svr*    tan.  s<r  :  tan. 


i  ,; 


"  / 


^_  _  —  _  -  -,  .         . 

/.  cos.  6^  n  .  cos.  5  v  r    tan  n  r  .  tan.  rv  =  —     CQS>  ^n  -  >  nence^  an  co* 

log.  cos.  ^T^+log.  cos.  svr+log.  tan.  n*r  —  lO,=log.  tan.  rvthc  longitude. 
And  (Trig.  Art.  210),  lad.  sm.  r  T  tan.  rvs  .  tan.  J5r;  hence,  log.  sm.  rv  + 
log  tan.  rvs-  10,  =log.  tan.  sr  the  latitude.  Andm  whatever  position  we  take 
A,  these  conclusions  will  give  the  rule  as  stated  above-  If  we  consider  vC  as 
the  equatoi  atod  ^Q  the  ecliptic,  the  dcinonstiation  will  ,  do  foi  the  second 
ixile. 

*  Poi  the  reason  of  this  correction  m  extreme  cases,  seq  Dr.  MASKBUNE'S  excellent  Intooductioa 
to  TAYIOB^S  Log  ax  ithms,  '  *  , 


LATITUDE  AND  LONGITUDE   OF  THE   HEAVENLY  BODIES. 

E<c.  Given  the  tiue  A. R.  of  the  moon's  center  7$  29°.  55'.13",4.  and  its 
decimation  15°.  40'.  26",l  south,  as  deteimmed  in  the  two  last  Examples,  to 
find  its  latitude  and  longitude*. 

By  Dr.  MASKELYNE'S  observations,  the  mean  obliquity  of  the  ecliptic  at  the 
beginning  of  the  year  1784,  was  23°.  28'.  0",2,  and  as  itsgiadual  diminution 
is  at  the  rate  of  $  a  second  in  a  year,  the  mean  obliquity  at  the  beginning  of 
1774  was  23°.  28'.  5",2,  which  collected  by  Tab.  IX.  X.  gives  23°.  27'.  55",8 
toi  the  obliquity  at  the  time  of  observation. 
Sine  of  right  asc.  .  7'.  29° 

15 


41 


Cotan.  of  decl. 
Cotan.  aic  A  south 
Obhq.  eel.  north 

Aic  B  north         ... 
Anth.  comp.  of  log.  cos.  aic  A 
Tang,  of  right  asc. 

Tang,  of  longitude 

Sine  of  longitude 
Tang,  of  aic  B 

Tang,  of  latitude  noith 


17 
23 


55'.  13",4 
40.  26,  1 

57.  57,  8 
27.  55,  8 


9.9371817 
105519183 


10.4891000 


29.  58,  0  cos.  9.9979964 

O.0217102 

10.2371744 


8s.  1°.  2'. 


r',4 


1O.2568810 

9.9419678 
-     8  9535328 

48'.  54",1     -   ^9255006 


In  like  mannei,  the  light  ascensions  and  declinations  of  the  fixed  stais  being 
found  fiom  observation,  their  latitudes  and  longitudes  may  be  computed,  and 
thus  a  catalogue  of  all  the  fixed  stais  may  be  made  foi  any  time.  But  as  both 
the  equator  and  ecliptic  are  subject  to  a  change  in  their  positions,  the  right  as- 
cension, decimation,  latitude  and  longitude  of  all  the  fixed  stars  will  vary. 
Hence,  if  their  annual  vanationsbe  computed,  as  will  be  afteiwaids  explained* 
their  right  ascensions,  &c.  maybe  found  at  any  oilier  time.  * 

125.  If  the  body  be  the  sun  at  &',  whose  right  ascension  and  'declination  aie 
given,  to  find  its  longitude;  then  sin.  s'vn  :  rad.    sin.  s'n  •  sin.   VJ,  that  is 
w».  oii  eel  :  rad.  .an.  decl  .  sm.  longitude.    Or,  cos.  s'vn    rad.    tan.  «r»  •' 
tan.  v/9  that  is,  cos.  obi  eel  •  rad    tan.  right  asc.  :  lan.  longitude.    The  sun 
being  always  in  the  ecliptic,  has  no  latitude.  ' 

To  Jind  the  angle  of  Position. 

126.  Let  p  be  the  pole  of  the  ecliptic  <rL,  p  the  pole  of  the  equator 


*  In  tnakmg  ti,8oaomctncal  calculates,  lt  wiH  we  utne,  when  the  same  arcs  occur,  to  take  out 
,  all  thru  logarithm  at  01100,  to  *  oi<l  the  t.oublc  ot  tuinim-  to  them  again     The  Computer  therefore 
-,  («,,.  he  bepms  his  Opn.  t.on,  shoiikl  put  u  down  ,u  ,u  p,Oper  o.der,  leaving  it  to  be  filled  up  by  the 
logaiitbins  he  mil  then  see  what  arcs  a,  c  imported,  and  he  may,  at  one  opening  of  the  tables,  take 
out  all  then  loga.  uhrns  and  put  them  down  w  tlicn  piopei  pkces. 
VOL,  I.  G 
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42  TO  DETERMINE  THE  RIGHT  ASCENSION,  DECLINATION,  &C. 

S  a  star,  draw  the  great  ciicles  pPLC,  pSD,  PSBA,  and  (53)  PSp  is  the 
angle  of  position.  Now  the  angle  PpS,  or  (12)  DL,  is  the  complement  of  lon- 
gitude <v  D;  the  angle  pPS  is  the  supplement  of  APC,  or  of  AC  (12),  which  is 
the  complement  of  the  right  ascension  «rA  of  the  star;  pP  is  the  obliquity  of 
the  ecliptic  ,  PS  is  the  complement  of  decimation,  and  pSthe  complement  of  the 
latitude  of  the  star.  Hence,  if  the  longitude  and  declination  of  a  stai  be  given, 
we  have,  sin.  PS  :  sm.  PpS::  sin.  Pp  :  sin.  PSp,  that  is,  cos*  star's  dec.  .  cos. 
its  long.  .  sm.  obL  eel  :  sin.  angle  of  Position.  If  the  latitude  and  decimation 
of  the  star  be  given,  we  know  pS  and  PS  their  complements,  and  Pp; 


hence,  sin.  pS  x  sin.  PS  .  rad.*    sin.  £  x  tiP  +  Sp  +  Pp  x  sin.  |  x  SP  +  Sp-Pp  : 
cos.  £  L  PSp\    Or  of  the  right  ascension,  declination,  latitude  and  longitude  of 
the  star,  any  two  being  known,  we  shall  know  three  parts  of  the  tuangle  PpS, 
and  consequently  the  angle  PSp  may  be  found.    If  S  be  the  sun,  pS~  90°,  and 
the  triangle  may  be  solved  by  the  circular  parts, 


CHAP. 


ON  THE  EQUATION  OF  TIME 
Art.  127.  HAVING  explamed,  m  the  last  Chaptez,  the  practical  method* 

It  T^f 6  PlaCe  °f  ^  b°dyinthe  hea*ens>  we  "omen luo  the 
lant  fTU  U0ther  Circmnstance  not  less  ^portant,  that  »,  the  i  refu. 
anty  of  time  as  measured  by  the  sun.  The  best  measme  of  time  ^11. 


w  ,  '  »  oo 

^W   and  at  what  rate  it  gains  01  loses.    For  tins  purpose  it  must  be 
pazed  ^th  some  motion  whach  u  umfbrrn,  01  of  which,  rf  lt  be  not  001 


. 


m 

*"1  of 

let  the 
when  rtc  oalfth 

,  but  u,e  m  having  raOTed 
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ON   THE   EQUATION    OF  TIME. 


to  desciibe  the  angle  vPr  in  oidei  to  bang  the  meridian  Psv  into  the  position 

Pr,  so  that  the  sun  may  be  again  in  the  spectators  mendian.    Now  the  angle 

vPt  is  mcasmecl  by  the  arc  eh,  which  is  the  inciease  of  the,  sun's  light  as- 

cension in  a  true  solai  day,  hence,  the  length  of  a  toue  solar  day  is  equal  to  the 

time  ojthe  earth's  rotation  aloutits  axit,  +  the  time  of  zfo  describing  an  angle  equal 

to  the  increase  of  the  &un's  right  ascension  in  a  true  solar  day.     Now  if  the  sun 

moved  umfoimly  in  the  equator  vDLE,  this  increase  eh  would  be  always,  the 

same  in  the  same  tune,  and  therefoie  the  solai  days  would  be  always  equal, 

but  the  sun  moves  in  the  ecliptic  <vGX,  and  thciefoie  z/its  motion  weio  uni- 

Joim,  eqiu.il  arcs  am  upon  the  ecliptic  would  not  give  equal  aics  eh  upon  the 

cquatoi*.      But  the  motion  of  the  &un  is  not  imifoim,  and  theiefoic  am,  dc- 

sciibed  many  given  time,  is  subject  to  a  vauation,  and  which  also  must  neces- 

sanly  make  eh  vanablc      Hence,  the  increase  eh  of  the  sun's  light  ascension 

in  a  day  vanes  fiom  two  causes,  that  is,  fiom  the  obliquity  of  the  ecliptic  to 

the  equator,  and  from  the  unequal  motion  of  the  sun  in  the  ecliptic.    The 

length  theieforc  of  a  true  solar  day,  is  subject  to  a  continual  vanation,  conse- 

quently a  clock  adjusted  to  go  24  hours  for  any  one  tiue  solar  day,  would  not 

continue  to  show  12  when  the  sun  comes  to  the  mendian,  because  the  m- 

tcivals  by  the  clock  would  continue  equal  (the  clock  being  supposed  neither 

to  gain  nor  lose),  whilst  the  mteivals  of  the  sun's  passage  ovei  the  mciidiau 

would  vaiy. 

129  As  the  sun  moves  through  36O°  of  light  ascension  in  365£  days  very 
neaily,  therefoie  365|  days  .  1  day  •  360°.  :  59'.  8",2  the  inciease  of  light  as- 
cension in  one  day,  if  the  inciease  were  unifoim,  01  it  would  be  the  mcicaso 
in  a  mean  solai  day,  that  is,  if  the  solai  days  wcie  all  equal.  If  theicfoio  a 
clock  be  adjusted  to  go  24  hows  in  A  meat  i  solai  day,  it  cannot  continue  to  coin- 
cide with  the  sun,  that  is,  to  show  12  when  the  sun  is  on  the  mendian,  but  the 
'sun  will  pass  the  meridian,  sometimes  before  12  and  sometimes  after.  This  dif- 
ference is  called  the  Equation  of  Time.  A  clock  thus  adjusted  is  said  to  be  ad- 
justed to  mean  solar  towt.  The  time  shown  by  the  clock  is  called  true  01  mean 
time,  and  that  shown  by  the  sun  is  called  apparent  time.  What  we  call  apparent 
time  the  Fiench  call  true. 

*  For  draw  mt  parallel  to  eh,  and  suppose  ma  to  be  indefinitely  small,  then  by  pl<un  tugwi. 
ma  •  mt    ratl    bin.  mat,  or  Y««, 
mt    ch    cos  ae  ,  rad  (13) 
~ma    eh  .  cos  ae    bin.  VM   '  (became  Trig  Ait.  213  tin.  <r«e=££lLJ!f_     '££~aet    Cos. 


s,  hence,  the  ratio  of  ma  to  eh  ib  vambk 

As  the  earth  describes  an  angle  of  360°  59'  8",2  about  its  axis  in  a  meccn  solar  day  of  24  hours, 
and  an  angle  of  860°  in  a  sidereal  day,  therefore  360°  !>#  8",3  .  360°  24A  93A  50'  4",098the 
kngth  of  the  sidereal  day  in  mean  solar  time,  or  the  time  fi  om  tiw  passage  of  a  fixed  star  over  the  me- 
ndian till  it  returns*  to  it  again. 
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130.  A  clock  adjusted  to  go  24  horns  in  a  mean  solai  day,  would  coincide 
with  an  imagmaiy  stai  moving  unifoimly  in  the  equatoi   with  the  sun's  mean 
motion  59'.  8",2  m  light  ascension,  if  the  star  were  to  set  off  fiom  any  given 
mendian  when  the  clock  is  12,  that  is,  the  clock  would  always  show  12  when 
the  star  came  to  the  meiidian,  because  the  interval  of  the  passages  of  this  star 
ovei  the  meridian  would  be  a  mean  solai  day.     This  stai  theiefbie,  if  we  icckon 
its  motion  fiom  the  mendian  in  time  at  the  late  of  1  hour  foi  ]  5°,  would  always 
coincide  with  the  clock,  that  is,  when  the  clock  shows  1  houi,the  slai's motion 
would  be  1  houi,  when  the  clock  shows  2  hours,  the  stai's  motion  would  be 
2  houis,  and  so  on.     Hence,  this  star  may  be  substituted  instead  of  the  clock  ; 
theiefore  when  the  sun  passes  the  given  mendian,  "the  diffeience  between  its 
light  ascension  and  that  of  the  stai,  conveited  into  time,  is  the  diffeicncc  be- 
tween the  time  when  the  sun  is  on  the  mendian  and  12  o'clock,  or  the  equa- 
tion of  time ,  because  the  given  mendian  passes  through  the  star  at  12  o'clock, 
and  its  motion  iniespect  to  that  stai  is  at  the  late  of  15°  m  an  houi  (132). 

131.  Now  to  compute  this  equation  of  time,  let  APLH  be  the  ecliptic,  Alto    FIG. 
the  equator,  A  the  iiist  point  of  ancs,  P  the  sun's  apogee,  S  any  place  of     24. 
the  sun,  dniw  So  peipcnchctilai  to  the  equator,  and  take  An=.AP,    When 

the  sun  sets  out  at  P,  let  the  imaginary  star  set  out  at  n  with  the  sun's  mean 
motion  m  light  ascension,  or  longitude,  or  at  the  late  of  59'*  8",2  in  a  day, 
and  when  n  passes  the  mendian  let  the  clock  be  adjusted  to  12,  as  descnbecl 
m  the  last  Aiticle:  These  are  the  conespondmg  positions  of  the  clock  and 
sun,  as  assumed  by  Astionomers.     Take  nm  —  P$,  and  when  the  star  comes 
to  m,  the  place  of  the  sun,  if  it  moved  unifoimly  with  its  mean  motion,  would 
be  at  $,  but  at  that  time  let  S  be  the  place  of  the  sun.     Now  let  the  sun 
S,  and  consequently  »,  be  on  the  meridian  j  then  as  m  is  the  place  of  the 
imaginary  star  at  that  instant,  MV  is  the  equation  of  time.     The  sun's  mean 
place  is   at  s,  and  ^An  —  AP^  and  nrn^zPb..  Am  —  APs,  consequently  m>v 
=zAv  —  Am=Av  —  APs.    Let  a  be  the  mean  equinox,  and  diaw  az  perpendicu- 
lar to  AL,  then  Am~Az  +  zm=.Aax  cos.  aAz  +  zm=~Aa  +  zm,  hence,  wo 
—  Av—zm—i~Aa,  but  Av  is  the  sun's  tme  light  ascension,  zm  is  the  mean 
light  ascension,  or  mean  longitude,  and  .11  Aa  (Az)  is  the  equation  of  the 
equinoxes  m  nght  ascension,  hence,  the  equation  of  time  is  equal  to  Ihe  d$er~ 
ence  of  the  surfs  true  right  ascension.,  and  its  mean  longitude  corrected  ly  the 
equation  of  the  equinoxes  in  right  ascension.     "When  Am  is  less  than  Av9  mean 
time  pieccdes  apparent,  and  when  greater^  apparent  time  piecedes  mean;  for 
as  the  earth  turns  about  its  axis  in  the  direction  Av9  or  m  the  order  of  ught 
ascension,  that  body  whose  right  ascension  is  least  must  come  to  the  meiidian 
fiist     That  is,  when  the  sun's  true  light  ascension  is  greater  than  its  mean  lon- 
gitude corrected  as  above,  we  must  add  the  equation  of  time  to  apparent,  to 
get  the  mean  time;  and  when  it  is  less,  we  must  subtract.    To  convert  mean 
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time  into  apparent,  we  must  subtract  in  the  former  case  and  <z$?  in  the  latter. 
This  Rule  for  computing  the  equation  of  tune  was  first  given  by  Dr.  MASKE- 
LYNE  in  the  Phil  Tram,  1 764. 

132.  As  a  meiidian  of  the  earth,  when  it  leaves  m,  leturns  to  it  again  m  24 
liouis,  it  may  be  consideied,  when  it  leaves  that  point,  as  approaching  a  point 
at  that  time  360°  from  it,  and  at  which  it  arnves  in  24  horns.  Hence,  the  ic- 
lative  velocity  with  which  a  meridian  accedes  to  or  lecedes  fiom  m  is  at  the  late 
of  15°  m  an  houi.  Therefore  when  the  meridian  passes  thiough  £,  the  arc  tm 
reduced  into  time  at  the  rate  of  15°  in  an  hour,  gives  the  equation  of  time  at 
that  instant.  Hence,  the  equation  of  time  is  computed  foi  the  instant  of  ap- 
parent noozu  Now  the  time  of  appaient  noon  m  mean  solai  time,  foi  which 
we  compute,  can  only  be  known  by  knowing  the  equation  of  time.  To  com- 
pute tlieicfoie  the  equation  on  any  day,  you  must  assume  the  equation  the  ^ame 
as  on  that  day  four  yeais  before,  fiom  which  it  will  differ  but  veiy  little,  and 
it  will  give  the  time  of  appaient  noon,  sufficiently  accurate  for  the  puipose  of 
canaputing  the  equation.  If  you  do  not  know  the  equation  four  years  befoic, 
compute  the  equation  for  noon  mean  time,  and  that  will  give  appaient  jioon 
•accuiately  enpughu 

Ex.  To  find  the  equation  of  time  on  July  1, 1792,  foi  the  meridian  of  Gieen- 
•wxch,  by  MAYEE'S  Tables* 

The  equation  on  July  1,  1788,  wa&,  by  the  Nautical  Almanac^  3'.  28",  to  be 
added  to  apparent  noon,  to  give  the  coirespondmg  mean  time,  hence,  for 
July  I,  1792,  at  Oh.  &.  28"  compute  the  true  longitude*. 


Epoeh  for  1792. 
Mean  Mot.  July  l  , 

3' 
28' 

•  Mean  Longitude 
Equat.  of  Center 
•  Equat,  D     I. 
%    IL 

?  m. 

ft  IV. 
Tiue  Hongifoide 

Mean  Long1  0 

Long.  0  's  Apog. 

N°i 

N°.2. 

N°.3. 

N°.4 

9s.  10°.  50'.    0",7 
^5.    29.   23,  16,  2 

7,4 

1,1 

a8.     9°.  28'.  46" 
33 

241 
163 

227 
456 

123 
312 

478 
27 

3.  (10.    13.  25,  4 
'-        1.  37,  1 
+               4,5 
-              4,  7 
+              3,65 
0,6 

3.      9.    24    19 
a      1O     1%    25  4 

404 

683 

435 

505 

Mean  Anomajy. 

49.     6,4 

3.    lOi    11.  51,15 
v  .  . 

*  The  reason  of  thv»  .operation  wilt  appeal,  when  we  coroe  to  the  conduction  and  use  of  the  Sdlftr 
T&blfea. 
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With  tliis  true  longitude  and  obliquity  23°-  27'.  48",4  of  the  ecliptic,  the  tiue 
right  ascension  of  the  sun  is  found  to  be  3%  11°.  5'.  41" ,25 ,  also,  the  equation 
of  the  equinoxes  in  longitude  =s  —  O",6 ,  hence, 

The  mean  longitude  8s.  10°.  IB'.  25", 4 

H  of  -  o",6 -     0,55 

Mean  longitude  coirected  3.  10.  13.  24,85 

Tiue  light  ascension         -        .        -        3.  11.    5.  41,25 

Equation         -  52.  16, 4      wlucft 

conveited  into  time  gives  3'.  29",1  the  tiue  equation  of  tune ;  which  must  be* 
added  to  apparent  to  give  the  tiue  time,  because  the  tiue  right  ascension  is 
gi  eater  than  the  mean  longitude* 

133.  The  sun's  ajtogee  P  has  a  progressive  motion,  and  the  equinoctial 
points  A,L>  have  a  regiessive  motion  j  the  inclination  also  of  the  equator  to  the 
ecliptic  is  subject  to  a  constant  vanation*     Hence,  the  same  Table  of  the  equa- 
tion of  time  cannot  continue  to  serve  for  the  same  degiee  of  the  sun's  longi- 
tude.    Also,  the  sun's  longitude  at  noon  at  the  same  place  is  different  for  the 
same  days  on  different  yeais,  and  it  is  foi  apparent  noon  that  the  equation  is 
computed*    For  these  reasons,  the  equation  of  time  must  be  computed  anew 
for  every  year. 

134.  Whenever  it  is  required  to  make  any  calculations  from  Astronomical 
Tables,,  and  the  time  given  is  apparent  time,  the  equation  of  time  must  be  ap- 
plied to  convert  it  into  mean  time,  and  for  that  time  the  computations  must  be 
made,  the  Tables  being  disposed  according  to  mean  motions.     Thus,  if  it  were 
requned  to  find  the  sun's  place  on  any  day  at  appaient  noon,  the  equation  of 
time  that  day  at  apparent  noon  must  be  applied  to  12  o'clock,  and  then  the 
sun's  place  computed  fiom  the  tables  for  that  time.    All  the  aiticles  in  the 
Nautical  Almanac  answering  to  noon,  are  computed  in  the  same  manner. 

135*  A  clock  adjusted  to  sidereal  time  begins  at  Oh.  0'.  0"  when  the  true 
equinox  A  is  upon  the  meridian ;  therefoie  the  distance  of  the  meridian  from 
A  measures  sideieal  time.  A  clock  adjusted  to  mean  solar  time  begins  at  Oh. 
0'.  0"  when  m  is  upon  the  mendian.  Let  as  be  a  point  of  the  equatoi  through 
which,  the  meridian  passes  at  any  time,  then  Ax  is  the  sidereal  time ;  and  let  t 
be  the  place  of  the  imaginary  star  at  the  same  instant,  and  y  its  place  when 
the  meridian  coincided  with  it ;  then  (132)  the  arc  M  is  the  measure  of  the 
time  from  the  mean  noon.  Hence,  to  get  <ztf,  subtiact  the  sun's  mean  right 
ascension  Ay  in  time  at  noon  on  the  given  day  from  the  time  Ax  shown  by  the 
sidereal  clock,  and  you  get  xy,  which  is  nearly  the  time  vt  from  mean  noon  j 

5, 
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fiom  this  subtract  ty,  the  sun's  mean  motion  in  light  ascension  in  the  interval 
vy  of  sidereal  time,  and  you  have  «ttfthe  time  fiom  mean  noon  by  a  clock  ad- 
justed to  mean  solai  time.  To  facilitate  this  computation,  Dr.  MASKELYNE  has 
given  two  Tables,  Table  XVII.  (Vol.  II*)  shows  the  mean  motion  of  the  sun  in 
light  ascension  foi  eveiy  day  of  the  ycai  ,  Table  XVIII.  is  the  mean  motion  oi 
the  sun  m  right  ascension  m  time  to  houis  and  minutes  of  sideieal  time  Hence, 
fiom  the  Solar  Tables,  take  the  epoch  of  the  sun's  mean  longitude  foi  the  yeai, 
and  conveit  it  into  time,  and  add  it  to  the  time  in  Table  XVII,  coriespondmg 
to  the  given  day,  and  correct  it  by  Table  XIX,  and  it  gives  the  sun's  mean 
longitude,  or  mean  light  ascension,  expressed  in  sideieal  time,  icckoncd  iiom 
the  tiue  equinox,  at  the  mean  noon  of  the  pioposed  day :  This  subti acted  fiom 
the  pi  oposed  sideieal  tune,  gives  the  mean  time  nearly,  with  which  Table  XVIIL 
as  to  be  enteied,  and  the  numbei  taken  out  of  it,  being  the  sun's  mean  motion 
since  the  mean  noon,  subtiactcd  from  the  mean  time  found  neatly,  wiU  give 
the  mean  time  coneci.  It  is  to  be  obseived,  that  the  mean  time  found  neatly, 
or  before  it  is  corrected  by  Table  XVIII,  is  apoition  of  sideieal  tune,  being  the 
interval  by  the  clock  between  the  transit  of  the  imaginary  star,  and  the  pio- 
posed instant  j  and  theieforeto  shorten  the  opeiation,  Table  XVIII.  is  made  to 
be  entered  with  sideieal  time,  instead  of  mean  tune,  commonly  used  in  Astrono- 
mical Tables.  Dr,  MASKELYNIO  also  gave  anothei  Table  of  the  epoch  of  the 
sun's  mean  light  ascension  in  time  foi  the  beginning  of  the  yeai ,  but  as  that 
can  be  taken  fiom  0111  Tables  of  the  bim's  motion,  the  mean  light  ascension 
and  mean  longitude  being  the  same,  it  is  not  heie  given. 

Ex.  On  July  1,  1790,  the  time  by  the  sideieal  clock  was  llJi.  20'.  14",  to 
find  the  mean  solar  time. 

Epoch  of  sun's  A  R.  179Q  -         -          18//.  41'.  15\9 

Mean  mot  in  AR.  to  July  5,  Tab.  XVII.     12.     13.  19,  3 
Equat.  equm.  Tab.  XIX.        .         .         .  +  0,66 

©*s  mean.  long,  at  mean  noon  6.    54.  35,  86 

Sideieal  time  given      -        -        -        -        11.    20.  14, 


Mean  time  nearly        *        -        -        .          4.    25.  38, 14 
Cor.  by  Tab.  XVIIL  ...  43,5 

Mean  solar  time         -  4.    24.  54, 64 


Hence,  if  the  mean  solar  time  be  given,  fbi  instance,  4A.  24'.  54",64,  we  may 
thus  find  the  sideieal  time.  To  get  the  correction  fiom  Table  XVIII,  couespond- 
ing  to  mean  time  neaily,  fust  get  it  for  mean  solar  time,  which  is  42",39,  and 
it  to  the  mean  solar  time,  and  we  have  4h,  25'.  37",03,  which  is  veiy  near 
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what  we  call,  mean  time  nearly  j  conespondmg  theiefoic  to  this  time,  takeout 
the  correction  fiom  Table  XVIII,  which  is  43',5,  and  add  it  to  the  given  mean 
solai  time,  and  we  get  4/>.  25'.  38",14  conectly  foi  what  we  call  mean  time 
neaily ,  add  this  to  6k.  54,'.  35", 86,  the  sun's  mean  longitude  at  noon,  and  it 
gives  Ilk.  20'.  14,"  the  sidereal  tune  zequued. 

136.  Whenevei  the  time  is  computed  fiom  the  sun's  altitude,  that  time  must 
be  apparent  time,  because  we  compute  it  fiom  the  time  when  the  sun  comes  to 
the  raendian,  which  is  noon,  01  12  o'clock,  apparent  time.    Hence  also,  the 
time  shown  by  a  dial  is  apparent  time,  and  will  differ  fiom  the  tune  shown  by 
a  well  legulated  watch  or  clock,  by  the  equation  of  time.    A  clock  or  watch 
may  theiefoie  be  legulated  by  a  good  dial,  by  applying  the  equation,  as  bcfoie 
dnected,  to  the  appaient  time  shown  by  the  dial,  and  it  will  give  the  mean 
time,  or  that  which  the  clock  or  watch  ought  to  show. 

137.  Mr.  WOLLASTON  has  proposed  to  regulate  a  watch  01   clock  by  a  dial 
constructed  to  show  mean  noon,  or  12  o'clock  by  a  watch  01  clock.    A  lay  of 
light  tin  ough  a  small  hole  being  let  into  a  daik  chambei  upon  the  flooi,  draw 
a  mendian  upon  the  floor  conesponding  to  the  hole,  on  which  theiefoie  the 
sun's  lays  will  always  fall  when  the  sun  comes  to  flic  mendian.    On  each  side 
of  this  line,  foi  every  day  of  the  yeai,  make  a  point  whcie  the  image  of  the 
sun  is  at  12  o'clock  mean  time,  by  a  clock  01  watch  icgulatcd  for  that  puiposc ; 
though  all  these  points  diaw  a  cuive,  and  then  you  may  legulate  youi  clock 
or  watch  by  setting  it  to  12  when  the  image  of  the  sun  falls  on  that  curve.    To 
prevent  any  mistake,  put  the  months  against  the  different  paits  of  the  curve  on 
which  the  tay  falls  in  thorn.    Oi  the  same  may  be  done  on  any  horizontal 
plane,  by  electing  a  piece  of  biass,  and  making  a  small  hole  for  the  sun  to 
shine  tluough      The  ciuve  may  also  be  laid  down  by  calculation,  as  Mi .  WOL- 
LAsroN  lus  shown;  and  if  it  bo  diawn  with  gieat  caie,  it  will  be  sufficiently 
dcouiate  foi  regulating  all  common  clocks,  and  it  has  this  advantage  ovei  that 
of  coirectmg  them  by  a  common  sun  dial,  that  as  the  months  aie  put  to  the 
cuive,  you  cannot  easily  make  a  mistake ;  whereas,  m  applying  the  equation 
of  tune  to  a  dial,  a  pcison,  ignorant  of  these  mattois,  is  veiy  apt  to  apnly  it 
wiong.  ri  * 

138.  The  Equation  of  Time  was  known  to,  and  made  use  of  by  PTOLEMY. 
Tram  employed  only  one  part,  that  which  anscs  fiom  the  unequal  motion  of 
the  sun  in  the  ecliptic  ,  but  KEPLER  made  use  of  both  paits.    He  further  sus- 
pected, that  theic  was  a  third  cause  of  the  inequality  of  solar  days,  airing 
fiom  the  unequal  motion  of  the  eaith  about  its  axis.     But  the  Equation  of 
Time,  as  now  computed,  was  not  generally  adopted  till  1672,  when  FL 
published  a  Disseitation  upon  it,  at  the  end  of  the  woiks  of  HORKOX. 
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ON  THE  LENGTH  OF  THE  YEAR,  THE  PRECESSION  OF  THE  EQUINOXES  FROM 
OBSERVATION,  AND  THE  OBLIQUITY  OF  THE  ECLIPTIC 

Ait.  139.  FROM  comparing  the  sun's  right  ascension  eveiy  day  with  the  fixed 
stais  lying  to  the  east  and  west,  the  sun  is  found  constantly  to  iccede  fiom  those 
on  the  west,  and  appioach  to  those  on  the  east ;  and  the  inteival  of  time  from 
its  leaving  any  fixed  star  till  it  returns  to  it  again  is  called  a  sidereal  yeai,  being 
the  time  in  which  the  sun  completes  its  i evolution  amongst  the  fixed  stais,  or 
m  the  ecliptic.  But  the  sun,  aftei  it  leaves  eithei  of  the  equinoctial  points, 
retains  to  it  again  in  a  less  time  than  it  ictuins  to  the  same  fked  star,  and  this 
mteival  is  called  a  solar  01  tropical  year,  because  the  time  fiom  its  leaving  one 
equinox  till  it  retains  to  it,  is  the  same  as  from  one  tiopic  till  it  comes  to  the 
same  again.  This  is  the  year  on  which  the  return  of  the  seasons  depends* 

On  the  Sidereal  Year. 

140.  To  find  the  length  of  a  sidereal  yzw.     On  any  day  take  the  difference 
between  the  sun's  right  ascension  when  it  passes  the  meridian  and  that  of  a 
fixed  star ,  and  when  the  sun  leturns  to  the  same  pait  of  the  heavens  the  next 
year,  compaie  its  light  ascension  with  the  same  stai  for  two  days,  one  when 
their  diffeience  of  light  ascensions  is  less  and  the  other  when  gi eater  than  the 
difference  before  observed  j  and  let  D  be  the  mcicase  of  the  sun's  light  ascen- 
sion in  this  interval  of  one  day;  then  take  the  diffeience  (rf)  between  the  dif- 
ferences of  the  sun's  and  star's  right  ascensions  on  the  first  of  these  two  days 
and  on  the  day  when  Hie  observation  was  made  the  year  before ;  and  let  t  be 
equal  to  the  exact  time  between  the  transits  of  the  sun  ovci  the  mendian  on 
the  two  days ;  then  D  .  d  :  t :  the  time  from  the  passage  of  the  sun  over  the 
meridian  on  the  first  day  to  the  instant  when  it  had  the  same  diffeience  of  right 
ascension  compared  with  the  stai  which  it  had  the  year  befoie ;  the  inteival 
between  these  two  times  gives  the  length  of  a  sideieal  year.     The  best  time  for 
these  observations  is  about  Maich  25,  June  20,  September  17,  Decembei  20, 
the  sun's  motion  in  right  ascension  being  then  uniform*     Instead  of  obseiving 
the  difference  of  the  right  ascensions,  you  may  obseive  that  of  their  longitudes. 
If  instead  of  repeating  the  second  obseivations  the  yeai  aftei,  there  be  an  in- 
terval of  several  years,  and  you  divide  the  observed  interval  of  time  when  the 
diffe|ence  of  theii  right  ascensions  was  found.to  be  equal,  by  the  numbei  of 
yearf;  you  will  have  the  length  of  a  sidereal  year  more  exact.    Or  the  length 
may 'be  found  thus. 
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141.  Take  the  time  (£)  of  a  star's  transit  ovei  the  meridian  by  a  clock  ad- 
justed to  mean  solai  time  ;  then  the  yeai  after,  take  the  time  again  on  two 
days,  one  (m)  when  it  passes  the  meridian  before,  and  the  other  (n)  after  the 
time  t,  then  m-n.m-t  •  237*.  56'.  4"  :  the  time  from  m  till  the  difference  be- 
tween the  star's  and  sun's  right  ascension  was  the  same  as  at  the  first  observa- 
tion ,  and  the  interval  of  these  two  tames  is  the  length  of  a  sideieal  year.  Ow- 
sim's  Elem.  cPAttron.  pag.  202. 

Ex.  On  Apnl  l,  1669,  at  Oh.  3'.  47"  mean  solar  time,  M.  PICARD  obseived 
the  diffeience  between  the  sun's  longitude  and  that  of  Procyon  to  be  3s.  8°.  59'. 
36",  which  is  the  most  ancient  observation  of  this  kind  whose  accuracy  can  be 
depended  upon  ;  see  Hist.  Celeste,  par  M.  le  Monmer,  pag.  37.  And  on  Apnl 
2,  1745,  M.  de  la  CAILLE  found,  by  taking  their  diffeience  of  longitudes  on 
the  2d  and  3d,  that  at  ilk.  10'.  45"  mean  solar  time,  the  diffeience  of  their 
longitudes  was  the  same  as  at  the  first  obseivation.  Now  as  the  sun's  icvolu- 
tion  was  known  to  be  neaily  365  days,  it  is  manifest  that  it  had  made  in  this 
intcival  76  complete  i  evolutions  m  lespect  to  the  same  fixed  stai  in  the  space 
of  76  yeais  id.  l  Ik.  6'  58".  But  in  these  76  yeais,  theie  weic  58  of  365  days 
and  18  bissextile's  of  366  days,  that  inteival  theicfore  contains  27759*  uk, 
6'.  58",  which  being  divided  by  76,  the  quotient  is  365*  67*.  8'.  47"  the  length' 
of  a  isideieal  year. 

Ex.  M.  CASSINI  obscived  the  transit  of  Sinus  over  the  meridian  on  May  21 
1717,  to  be  at  27*.  38'.  58";  on  May  21,  1718,  it  passed  at  s*.  40',  and  on  the 
22d  at  27*  36';  to  find  the  length  of  the  sidereal  year. 

In  this  case  *=2A.  38'.  58",  m=Qh.  40',  n=2h.  36',  hence,  4'     i'.  2"--  237* 
56'.  4"    67z.  10'.  59",  which  added  to  27*.  40'  the  time  it  passed  on  May  2~l   i  7  1  a" 
gives  87*.  50'.  59"  foi  the  time  on  thai  day  when  the  diffeience  between  the  sun's 
and  star's  aght  ascensions  was  the  same  as  on  May  21,  1717.     Hen™  th»  ™ 
tervalis365*67,.  10.  59"  for  the  length  of  a  sideieal  yeat.    Thcineano™    c~ 
two,  gives  the  length  365*  6h.  9'.  53".    But  the  lenftth  of  a  Mdeieal  yeai  has 
generally  been  deteimmed  fiom  the  length  of  a  t,  op,cal  year,  found  as  we  si  11 
now  pioceecl  to  explain. 

On  the  Tropical  Year. 

142.  Observe  the  meiidian  altitude  (a)  of  the  sun  on  the  day  nearest  to  tho 
equinox,  then  the  next  yeai  take  its  meiidian  altitude  on  two  Mowing  day, 


meiiian  atitue  on  two  Mowing  day, 
"    1S  6SS  ^  the  next  g 


^ 
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at  that  time  the  sun's  decimation  inci  eases  uniformly.  Hence  we  find  the  time 
when  the  sun's  place  m  the  ecliptic  had  the  same  sil  nation  in  icspect  to  the 
equinoctial  points,  which  it  had  at  the  time  of  the  obseivation  the  ycai  befbie. 
Therefoie  this  4th  teim  being  added  to  the  numbei  of  days  between  the  two 
first  observations,  gives  the  length  of  a  tiopical  year.  If  instead  of  lepeating 
the  second  obseivation  the  next  year,  theie  be  aninteival  of  seveial  yeais,  and 
you  divide  the  inteival  between  the  times  when  the  declination  was  found  to  be 
the  same,  by  the  numbei  of  yeais,  you  will  get  the  time  moie  exactly.  Cas- 
Ekm*  d'Astron.  pag.  204, 


Ex.  M.  CASSINI  informs  us,  that  on  Mai  oh  20,  1672,  his  Fathci  observed 
the  meridian  altitude  of  the  sun's  upper  limb  at  the  Royal  Observatoiy  at  Pans, 
to  be  41°.  4S'?  and  on  Maich  20,  1716,  he  himself  observed  the  mcudian  al- 
titude of  the  uppei  limb,  to  be  41°.  27'.  10";  and  on  the  21st  to  be  41°  51'. 
Hence,  the  difference  of  the  two  latter  altitudes  was  23'.  50",  and  of  the  two 
former  15'.  SO",  hence,  23'.  50"  .  is'.  5Q"f  24  houis  -  isk  56'.  39",  thercibie 
on  March  20>  1716,  at  iSh.  36'.  39"  the  SUB'S  decimation  was  the  same  as  on 
March  20,  1672.  Now  the  interval  between  these  two  observations  was  44 
years,  of  which  34  consisted  of  365  days  each,  and  10  of  366  ,  theietbre  the 
interval  in  days  was  1607O  ;  hence,  the  whole  mteival  between  the  equal  de- 
clinations was  16070  days  15h.  56'.  39",  which  divided  by  44,  gives  365d  5//. 
49'.  0".  53"'  the  length  of  a  tropical  year  from  these  obseivations. 

But  when  we  determine  the  length  of  a  tropical  or  solar  year  fiom  the  times 
of  the  equinoxes,  it  will  want  a  coirectioti  to  give  the  length  of  a  mean  tio- 
pical  or  mean  solai  ycai  ;  because,  fiom  the  motion  of  the  sun's  apogee,  the 
equation  of  the  orbit  at  the  equinox  us  not  the  same  in  different  yeain,  which 
will  affect  the  time  of  the  return  of  the  sun  to  the  same  mean  longitude  ;  and 
therefore  will  make  the  apparent  solai  year  different  from  the  mean  solai  yeai. 
This  correction  therefoie  gives  the  time  that  would  have  elapsed  between  the 
equinoxes,  if  the  apogee  had  been  fixed  ;  this  is  called  the  mean  solai  yeai  To 
apply  this  correction  to  the  last  Example,  we  proceed  thus 

On  Maich  20,  1672,  the  place  of  the  sun's  apogee  was  36  7°.  7'.  6"  by  CAS- 
SINI, theiefbie  the  sun's  true  anomaly  was  8*.  22°  52'.  54";  from  which  we  find 
that  the  equation  of  the  centei,  or  the  difference  between  the  tiue  and  mean 
anomaly,  was  1°.  54'.  42",  showing  how  much  the  true  anomaly  exceeds  the 
mean  ;  subtract  this  from  Oi>.  0°,  0;.  O"  and  we  get  ll<s.  28°.  5'.  18"  for  the  mean 
longitude  of  the  sun  at  the  time  of  the  equinox.  The  place  of  sun's  apogee 
on  March  20,  1716,  was  3s,  7°,  52'.  23%  and  theiefore  its  true  anomaly  was 
8s.  22°.  7'.  37",  from  which  the  equation  of  the  centei  was  1°.  54'.  29",  which 
fiubtiacted  from  Os.  0°*  O'.  0"  gives  11$.  28°.  5'.  31"  for  the  mean  longitude  of  the 
at  the  eqmnox  m  1716,  Hence,  the  sun's  mean  place  at  the  equinox  in 
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the  spnng  1716  is  greatei  by  IB"  than  m  1672,  and  this  answers  to  5'.  16"  m 
time  ,  in  this  inteival  of  time  theiefoie  (44  yeais),  theie  have  been  44  mean 
i  evolutions  +  5'.  16",  and  consequently  44  appaient  solar  yeais  are  greater  by 
5'.  16"  than  44  mean ,  divide  this  b}r  44,  the  number  of  yeais  in  the  inteival, 
and  it  gives  7".  11'"  foi  the  length  of  the  apparent  above  the  mean  solai  year* 
Now  the  length  of  the  apparent  solar  year  was  deteimmed  to  be  36Sd.  Sh.  49'. 
0".  58'",  hence,  fiom  these  obseivations,  the  length  of  the  mean  solar  year  is 
S65d.  5h.  48'.  53".  42'". 

143.  The  length  of  a  tiopical  year  may  also  be  lound  by  obseivmg  the  exact 
time  of  the  equinoxes.  To  do  this  we  must  pieviously  know  the  latitude  of 
the  place,  from  which  we  shall  know  the  altitude  of  the  point  of  the  equator 
on  the  meridian,  it  being  equal  (87)  to  the  complement  of  latitude.  Take 
the  meridian  altitude  of  the  sun's  centei  on  two  days,  one  when  it  is  less  than 
the  complement  of  latitude  and  the  other  tvfeen  greater ;  then  the  sun  must 
have  passed  the  equator  in  the  intermediate  time.  Take  the  difference  (D)  be- 
tween these  altitudes  and  it  gives  the  mciea&e  of  the  sun's  declination  in  24 
houis ,  take  also  the  diffeience  (rf)  between  the  altitude  on  the  first  day  and 
the  complement  of  latitude,  and  then  say,  D  d  24  houis  :  to  the  time  from 
noon  on  the  first  day  till  the  sun  came  to  the  equator.  Repeat  this  when  the 
sun  returns  to  the  same  equinox,  and  the  interval  of  the  times  gives  the  length 
of  a  tropical  year.  If  an  inteival  of  seveial  years  be  taken,  and  you  divide 
by  the  number,  it  will  give  the  time  moie  accurately.  If  we  take  a  difleience 
of  two  days,  the  third  teim  must  be  48 A.  The  same  may  be  done  by  one  ob- 
servation, if  we  know  the  rate  at  which  the  sun  changes  its  declination  in  24 
hours,  which  at  the  equinox  m  spring  time  as  found,  by  the  mean  of  a  great 
number  of  observations,  to  be  23'.  40^  and  in  the  autumn  to  be  S31.  28". 
Cassim's  Ekm.  d'Astr.  pag.  207. 

Ex.  On  Maich  20,  1G72,  the  sun's  incudian  altitude  at  the  Royal  Obseiva- 
tory  at  Pans  was  obseived  to  be  41°.  25'.  56",  fiom  which  subtract  41°.  9'.  50" 
the  mendian  altitude  of  the  equator,  and  theie  remains  16;,  6"  foi  the  sun's  de- 
cimation; hence,  23'.  40"  -  16'.  6"  24  houis  16A.  19',  the  sun's  distance  m 
time  fiom  the  equinox,  which,  as  the  sun  was  past  the  equinox,  subtracted 
fiom  the  2Oth  gives  the  19th  day  7A.  41'  for  the  time  of  the  equinox*  And  m 
1731  the  time  of  the  equinox  was  found,  in  the  same  manner,  to  be  on  Mar. 
20,  at  I4h.  45'.  In  this  interval  of  59  years  theie  weic  13  bissextiles,  and  con- 
sequently the  whole  number  of  days  in  the  59  yeais  was  21548,  and  theiefore 
the  whole  inteival  Between  the  two  equinoxes  was  21549rf.  7/i.  4',  which  di* 
videdby  59  gives  the  length  of  the  apparent  solar  year  365c?,  5h.  48'.  53"$  from 
this  subtract  7%  the  variation  of  the  equation  of  the  orbit  in  the  interval  of  the 
observations,  and  we  have  the  mean  length  of  the  solai  year  365d.  $h.  48'.  46". 
The  interval  has  here  been  taken  between  the  true  equinoxes,  whereas  we  want 
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to  get  the  length  of  a  tropical  yeai  between  the  mean  equinoxes  in  oidei  to  get 
the  length  of  a  mean  tropical  year.  But  in  taking  a  long  interval  of  time, 
the  diffeience,,  whethei  we  take  the  tiue  or  mean  equinox,  will  be  insensible, 
Anothei  correction  might  also  be  added,  when  we  compare  the  modern  ob- 
seivations  with  the  ancient  ones,  on  account  of  the  piecession  of  the  equi- 
noxes being  gi  eater  now  than  it  was  then.  Fiom  the  modem  observations  the 
length  of  a  mean  solar  yeai  appears  to  be  2",6  less  than  that  which  is  deduced 
fiom  compaimg  the  same  observations  with  those  of  HIPPAECHUS. 

144.  As  the  sun's  declination  at  the  equinoxes  changes  about  24'  m  24  houis, 
an  enor  of  10"  m  the  altitude  of  the  sun  will  cause  an  eiror  of  10  minutes  in 
the  determination  of  the  time  of  the  equinox,  and  consequently  the  same  euoi 
in  the  length  oftheyeai,  if  it  were  determined  by  2  observations  at  the  m- 
teival  only  of  1  year,  but  if  the  inteival  were  60  yeais,  the  ciroi  would  be 
only  10  seconds.  As  the  accuracy  theiefoie  is  veiy  much  increased  by  taking 
a  long  inteival,  let  us  compaie  the  most  ancient  observations  with  the  mo- 
dern ones. 

HIPPAKCHUS,  m  the  year  145  before  J.  C.  found  the  time  of  the  equinox: 
to  be  on  March  24,  at  lift.  55'  in  the  morning  at  Alexandria.  In  the  year 
1735,  at  the  Royal  Observatoiy  at  Pans  the  time  of  the  equinox  was  found  to 
be  on  March  20,  at  14*.  20y.  40".  Now  the  diffeience  of  the  mendians  be- 
tween  Paris  and  Alexandria  is,  m  time,  lh.  51',  46",  which,  as  Alexandna  lies 
to  the  east  of  Pans,  being  added  to  I4h.  20'.  40"  gives  167?.  12'.  26"  the  time 
at  Alexandria.  Reduce  this  time  to  the  Julun  year,  by  subtracting  1 1  clays  by 
which  the  Gregorian  is  before  the  Julian,  and  we  have  the  time  of  the  equinox 
by  this  style,  on  March  10,  at  4#.  12'.  26"  in  the  moimng.  Between  these 
two  obseivations  there  was  an  inteival  of  1880  Julian  yeais,  except  I4d.  7//. 
42'.  34".  In  these  years  theie  weie  47O  bissextiles  and  the  rest  common  Julian 
years  of  365  days.  Therefore  if  we  divide  14d  77*.  42',  34"  by  1880  it  gives 
10'.  58".  10'",  showing  how  much  the  apparent  solar  yeai  is  less  than  365  days 
6  hours ;  hence,  the  length  of  the  apparent  solai  year  is  36  5</.  Sk.  49'.  i".  50% 
to  which  add  6".  30'",  being  what  the  apparent  is  less  than  the  mean  solai  year, 
found  as  befoie,  and  we  get  365rf.  sh.  49'.  8".  20"'  the  length  of  the  mean  solar 
year  from  these  obseivations.  The  mean  of  10  lesults  from  diffeient  obseiva- 
tions  made  by  HTPPARCHUS,  compared  with  the  modem  ones,  gives  the  length 
of  the  fnean  solar  year  S65d.  5h.  48'.  49". 

FIG.  145.  The  length  of  the  yeai  may  also  be  found  by  finding  the  time  when 
25.  the  sun  comes  to  the  tropic.  For  let  ADL  be  the  equatoi,  ASL  the  ecliptic, 
A  anesj  find  the  time  (119)  when  the  sun  has  the  same  declination  mv9  nw  on 
each  side  of  the  tropic  S,  and  at  the  same  times  find  also  the  differences  of  its 
right  ascension  and  that  of  a  fixed  star  s,  the  sum  or  difference  of  which  mar, 
*>*,  accoiding  to  the  position  of  #,  measures  the  motion  vw  of  the  sun  in  right 
ascension,  the  half  of  which  is  wD  (SD,  sz  being  peipendicular  to  AL), 
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hence  we  shall  get  Dz  which  is  equal  to  wD^ vx.  Now  to  find  when  the 
sun  comes  to  Z>,  observe  its  right  ascension  at  <r,  either  the  day  before  01  day 
aftei  the  solstice,  compaied  with  the  same  stai,  and  you  have  ax,  the  differ- 
ence between  which  and  Dz,  is  Dx.  Observe  also  the  mciease  (d)  of  the 
sun's  nght  ascension  at  that  time  in  24  houis,  then  d  xD  24h  :  the  time  of 
the  passage  of  the  sun  fiom  x  to  D,  which  added  to  01  subtiacted  from  the  time 
at  *,  according  as  «*  is  less  01  greatei  than  vD,  gives  the  time  when  the  sun 
in  nght  ascension  is  at  D,  or  when  it  is  in  the  solstice  S.  Cassim's  Elem, 
cPAstron.  pag.  238. 

Ex.  Accoidmg  to  CASSINI  on  May  29,  1737,  the  altitude  of  the  sun's  up. 
per  limb,  when  it  passed  the  mendian,  was  63°.  6'.    On  July  14,  its  altitude 
on  the  meridian  was  63.  7',  and  on  the  15th  it  was  62°.  57'.  35",  it  was  there- 
fine  diminished  9'.  25"  in  one  day,  and  on  the  14lh  its  altitude  was  i'  greatei 
than  on  May  29;  h^nce  9'.  25"  :  l'    24^.  :  2h.  32'.  55",  which  added  to  the  14th 
gives  2A.  32'.  55"  for  the  time  when  the  altitude,  and  consequently  the  declina- 
tion, was  the  same  as  on  May  29.     On  the  same  May  29,  the  difference  »z  of 
the  nght  ascension  of  the  sun  and  Struts  was  32°.  9'.  8".     On  July  14  the  differ 
encewas  15°.  16'.  4"  when  the  sun  wasonthe  mendian,  and  as  the  increase  of 
the  sun  s  nght  ascension  was  then  1°.  0'.  45"  in  24  horns,  we  have  24fi.  •  2k  32' 
55"  •  1°.  0'.  45"     6'     40",  which  added  to  15°.  1 6'.  4"  gives  *«;=  15°.  22''.  44"  the 
difference  of  the  right  ascensions  of  the  sun  and  Sinus  on  July  14,  at  2/t  32  55" 
But  as  Sinus  passed  the  mendian  before  the  sun,  x  in  tins  case  will  fall  between 
Dsa&w,  andtheiefoietow~tt*  +  *W=47°.  31'.  52",  hence,  Do,  =  23°.45'  56" 
fiom  which  take  «»  and  we  get  D*=8°.  28'.  12"  the  distance  of  Sinus  in'zwht 
ascension  from  the  solstice.    Now  on  June  21,  Sinus  passed  the  meridian  at 
Ok  33.  34 ,  at  which  time  the  diffeience  **  of  its  right  ascension  and  that 
of  the  sun  was  8°.   23'.  30",  and  consequently  *D=i  8",  showing  what  the 
sun  wants  m  right  ascension  of  the  solstice.     Now  taking  the  mcTease  of  the 
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hours,  we  have  ,_,_„  . 
J>  33>  34f"  gives  Oh.  40'.  so"  on  the  2 1st 
for  the  time  of  the  solstice.     Hence,  by  finding  themteival  of  two  solstices, 
we  get  the  length  of  a  tiopical  year.    After  getting  the  apparent  solar  year 
we  get  the  mean  solar  year,  by  applying  to  it  the  vanation  of  the  equation 

f  utoxes  $ame  reaS°n  ***  WC  made  a  Simikr  correctlotl  at  the 

M.  CASSIA  by  comparing  a  solstice  observed  at  Athens  on  June  27  431 
years  befoie  J.  C.  with  one  observed  at  Pans  on  June  21,  1717,  found  the 
length  of  a  mean  solar  year  to  be  365d.  5h.  49'.  48".  39'".  By  comparing  one 
obseived  at  Alexandna  on  June  24,  140  years  after  J.  C.  with  one  observed  at 
Pans  on  June  20, 1732,  the  length  was  found  365<f.  sk.  47'.  36".  By  solstices 
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observed  a't  Nuiembeig  m  1487,  1493,  1498, 1503,  and  one  at  Pans  on  1731, 
the  length  is  found  to  be  365^  5A.  48'.  31".  By  compaiing  14  solstices  ob- 
seived  at  Uranibourg  with  as  many  observed  at  Pans,  he  found  the  length  of 

-,  ;  the  mean  solai  year  to  be  365d.  5h.  48'.  52".     The  accuiacy  of  these  obsciv- 

i!  ations  appeals  fiom  hence,  that  of  the  14  detei ruinations,  only  1  diffeicd2Q", 

!'   ,  1  differed  15",  1  differed  11",  and  all  the  otheis  less. 

j<  '  If  we  take  a  mean  of  all  the  mean  solar  yeais  as  detei  named  by  CASSINI 

'  from  the  equinoxes,  leaving  out  2  which  differ  veiy  much  fiom  all  the  icst, 

we  have  the  length  of  a  mean  solai  yeai  S6Sd.  5h.  48'.  5l"|.    If  we  do  the 

|f,  same  by  those  determined  from  the  solstices,  the  length  comes  out  365rf.  sh. 

48'.  42"£ ;  the  mean  of  which  gives  365d.  5h.  48'.  47"  the  length  of  a  mean  solai 

year* 

i  146.  M.  dela  LANDE,  in  a  Piece  entitled  Memoire  sur  la  veritable  Longueur 

I *!  de?  Annte  Atironomique,  which  gained  the  prize  pioposedby  the  Royal  Society 

>''  \  *   at  Copenhagen  for  the  yeai  178O,  has,  by  compaiing  a  great  numbei  of  the 

''  most  distant  observations,  and  those  which  could  be  most  depended  upon  fox 

v  their  accuracy,  determined  the  length  of  th«  mean  solar  year  to  be  365c£  Sh. 

I  •  48'.  48",  differing  only  1"  from  oar  determination  from  CASSINI. 

!  ;' 

•''/I    ,  To  find  the  Precession  of  the  Equinoxes Jrom  Observation. 

<i '  , 

147,  The  sun,  leturning  to  the  equinox  every  year  before  tt  letuins  to  the 
same  point  of  the  Heavens,  shows  that  the  equinoctial  points  have  a  ictiogiadc 
motion,  which,   as  we  shall  prove,  anses  from  the  motion  of  the  equator, 
caused *by  the  attiaction  of  the  sun  and  moon  upon  the  earth  in  consequence 
of  its  sphoioidical  figuie.     The  effect  of  this  is,  that  the  longitude  of  the  stais 
must  constantly  mciease;  and  hence  by  compaiing  the  longitude  of  the  same 
stars  at  different  titnes,  the  motion  of  the  equmoctial  points,  or  the  precession 
<xf  the  equinoxes,  may  be  found. 

148.  HIPFAECHUS  was  the  fiist  person  who  obseived  this  motion,  by  com- 
paiing his  own  obseivations  with  those  which  TIMOCHARIS  made  155  yeais 
before.     Prom  this  he  judged  the  motion  to  be  one  degree  in  about  100  ye<iiy ; 
but  he  doubted  whether  the  obseivations  of  TIMOCHARIS  were  accuiatc  enough 
to  deduce  any  conclusion  to  be  depended  upon.    In  the  yeai  128  befoie  J.  C. 
he  ftwad  the  longitude  of  Vvr&in's  Spike  to  be  5s.  24°;  and  in  the  yeai  175O 
its  longitude  was  found  to  be  6*.  20°.  21',  the  diifeience  of  which  is  26°.  217. 
In  the  s&me  year  he  found  the  longitude  of  the  Lion9*  Heart  to  be  3s.  29°, 
SO',  and  in  1750  it  was  45.  26°.  21',  the  difference  of  which  is  26°,  31;.     The 
mean  of  these  two  gives  26°.  26'  for  the  rnciease  of  longitude  w  1878  years, 
or  50".  40"  in  a  year*  for  the  precession*     By  comparing  the  observations  of 
df  AIAATOGNIUB  m  thoyear  878  with  those  made  in  1738,  thepiecession  appeals 
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to  be  51".  9*',  Fiom  a  comparison  bf  15  obseivations  of  TYOIIO  with  as  many 
made  by  M.  de  k  CAILLE,  the  piecession  is  found  to  be  50'  20'"*  But  M.  de 
]a  LANDED  from  the  obseivations  of  M.  de  la  CAILLE  compaicd  \vith  those  in 
FiAMsrjcAJD's  Catalogue,  detei mines  the  seculai  piecession  to  be  ]°.  23'.  45",  01 
50"92S  in  a  year. 

149.  The  precession  being  given,  and  also  the  length  of  a  ti epical  ycai,  the 
length  of  a  sidereal  year  may  be  found  by  this  piopoitiou,  360°  —  50",25  : 
360°.     36Sd.  Bh.  48'.  48"     3G5&  6A.  9'.  ll"£  the  length  of  the  sidereal  yeai. 

On  the  Anomalistic  Year. 

150.  The  year,  called  the  anomalistic  yeai,  is  sometimes  used  by  Astiono- 
mers,  and  is  the  tune  fiom  the  sun's  leaving  its  apogee  till  it  retains  to  it 
Now  the  motion  of  the  smfs  apogee  is  i'.  2"  every  yeai,  in  longitude,  or  in 
lespect  to  the  equinox,  acociding  to  M  delaLANDE:  thcicfore  l'.  2"-50",25 
s=  1 1",7£  the  progiessive  motion  of  the  apogee  in  a  yeai,  and  hence  the  ano- 
malistic must  be  Jongei  than  the  sidereal  year  by  the  time  the  sun  takes  in 
moving  ovei    ll'Vtf  of  long'tude  at  his  apogee;  but  when  the  sun  is  m  its 
apogee,  its  motion  m  longit"  ^  is  58'.  15"  in  24  houis;  hence,  58'.  13"  ,  11  ",75 
:.24  Lours  :  4'.  50"~,  winch  added  to  scad.  GA  Q'.  11$' gives  SGjd.'ek.  1*1 
2",1  for  the  length  of  the  anomalistic  ycai.     M.  de  to  LANDE  determined  this 
motion  of  the  apogee,  from  the  observation  Of  JF.  dc  la  HIRE  and  those  of 
Dr.  MASKELYNE.     CASSINI  made  it  the  ham;-    MAMR  made  it  I7.  6"  in  his 
Tables. 

On  the  OUtquity  of  tlie  Ediplic. 

151.  The  method  used  by  Astronomers  to  determine  the  obliquity  of  the 
ecliptic  is  that  explained  in  Ait,  86.  by  taking  half  the  difteiencc   of  the 
gieatcst  and  least  woudi.i,i  altitudes  of  the  sun.     The  following  is  the  obhquih 
as  detcimiDcd  by  diifeienl  Ahlionomcib. 

ERATOSTHENES  230  years  before  J.  C.  23°,  si1.  20" 

HIPPARCIIUS  140  yeais  before  J.  C.    -  23  .  51  .  2O 

PTOLKMY  140  yeais  after  J.  C,       -        -  2S  .  51  .  10 

PAPPUS  in  the  year  390     «        -        -  23  ,  so .    o 

ALBATEGNIUS  in  880    -        .        -        „  23  .  3£ .  40 

ABZACIIEL  in  1070  -        -        .        ,  23  .  34 .    o 

PROPHATlusin  1300     -         -         „         -  23  ,  32  .    0 

REGIOMOKTANUS  in  14GO  -        -        -  23  ,  so.    o 

COPERNICUS  in  1500    -        -        „        -  28  .  28  .  24 

WALTIIJETIUS  in  1400        -        „        ,  23  .  29  *  47 

TycnomlJSV S3  !  «9  .*  SO 

VOX.  I, 
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CASSINI  (the  Fathei)  m  1656     -         -         23°.  29'.    2" 

CASSINI  (the  Son)  in  1672  -        -        -     23  .  28 ,  54 
FLAMSTEAD  in  169O            -         -         -         23  .  28.  48 

De  la  CAILLL  in  1750  -         -         -     23  .  28  .  19 
Di.  BRADJLJGi  in  1750         -         -         -         23  .  28.  18 

MAYJER  in  1750    ~        -  -        -        -    23  .  28.  18 
Di.  MASKJGLYNE  in  1769    -        •«        -        23  .  28.    8,5 

M.  de  la  LANDE  in  1786  -        -        -    23  .  28.    0 

The  observations  of  ALBATKGNIUS,  an  Arabian,  aie  heie  conectcd  fox  re- 
fiaction.  Those  of  WALTHEITUS,  M.  de  la  CAILLE  computed.  The  obliquity 
by  TYCHO  is  hcic  put  down  as  conectly  computed  fiom  lus  obseivations. 
Also  the  obliquity,  as  dctei mined  by  FLAMSTEAD,  is  collected  for  the  nutation 
of  the  earth's  axis.  These  connections  M.  de  la  LANDE  applied. 

152.  It  is  manifest  from  the  above  observations,  that  the  obliquity  of  the 
ecliptic  keeps  diminishing}  and  the  uicgulauty  which  hcic  appeals  in  the  dimi- 
nution we  may  ascribe  to  the  inaccuracy  q£  the  ancient  obseivatioas,  as  we 
know  that  they  aie  subject  to  greater  errors  than  the  iiregulaiity  of  this  varia- 
tion. If  we  compare  the  first  and  last  observations,  they  give  a  diminution  of 
70"  in  100  yeais,  If  we  compare  the  last  with  that  of  TYCHO,  it  gives  4,5". 
The  last  compared  with  that  of  FLAMSTEAD  gives  50".  If  we  cotnpaic  that  of 
Dr*  MAS&ELYNE  with  Dr,  BRADLEY'S  and  MAYER'S  it  gives  SO".  The  compau- 
«on  of  Dr.  MASKELYJSTE'S  determination,  with  that  of  M.  de  la  LANDE,  which 
he  took  as  the  mean  of  several  results,  gives  50".  We  may  th^refoie  state  the 
seculai  diminution  of  the  obliquity  of  the  ecliptic,  at  this  time,  to  be  50",  as  de- 
tei mined  from  the  most  acciuate  obseivations.  This  result  agiees  vciy  well 
•with  that  deduced  from  tlxeoiy,  as  will  be  shown  when  we  come  to  treat  of  the 
physical  cause  of  this  diminution.  It  must  however  be  obsem*.,  that 
eminent  Astronomers  use  50",25.  *t 


CHAR    VI. 

ON  PARALLAX 

Art.  153.  THE  cenlci  of  the  eaith  descubcs  that  circle  in  the  Heavens 
•which  is  called  the  ecliptic,  hut  as  the  same  object  would  appeal  in  different 
positions  in  respect  to  this  cuclc,  when  been  fiom  the  ccntci  and  suiface, 
Astionomeis  always  reduce  then  observations  to  what  they  would  have  been, 
if  they  had  been  made  at  the  center  of  the  eaith,  in  consequence  of  -which, 
the  places  of  the  heavenly  bodies  are  computed  as  seen  fiom  the  ecliptic,  and 
it  becomes  a  fixed  point  foi  that  pwposc,  on  whatever  pait  of  the  eaith's  sur- 
face the  obseivations  are  made. 

154,  Let  Cbe  the  center  of  the  earth,  A  the  place  of  the  spectatoi  on  its     ru«. 
surface,  $any  object,  ZH  the  sphere  of  the  fixed  &tais,  to  which  the  places  of      26. 
all  the  bodies  in  out  system  aic  icfcncd,  Z  the  zenith,  II  the  hoiizon;  diaw 
CSm,  ASn9  and  m  is  the  place  seen  fiom  the  ccntci,  and  n  fiom  the   sui- 
face-   Now  the  plane  SAC  passing  tluough  the  centei  of  ihe  earth  must  be 
poipcndicular  to  its  surface,  and  consequently  it  will  pass  lluough  the  zenith 
Z,  and  the  points  m,n  lying  in  the  same  plane,  the  aic  of  paiallax  wwnmsl 
he  iu  a  chcle  peipeudiculai  to  the  hoiizon,  and  hence  the  azimuth  is  not 
affected,  if  the  eaith  be  a  spheic.     Now  the  paiallax  mn  is  mcasiued  by  the 
angle  mSn  or  ^ISC,  and  by  trig.  CS  :  CA..&U.  SAC  or  SAZ    sin.  ASC  the 


parallax  =  ..  .  *  %j?'       ^    As  CA  is  constant,  supposing  the  earth  to  be  a 

C/3 

spheic,  the  sine  of  the  parallax  vaiics  as  the  sine  of  the  apparent  zenith  distance 
duectly,  and  the  distance  of  the  body  fiom  the  ccntci  of  the  eaith  inveiscly, 
Hence,  a  body  in  the  zenith  has  no  paiallax,  and  at  $  in  the  horizon  it  is 
the  gieatest.  If  the  object  be  at  an  indefinitely  gieat  distance,  it  has  no  pa- 
iallax, hence  the  appaicnt  places  of  the  fixed  stais  aic  not  alteiedby  it.  As 
n  is  the  appaient  place,  and  m  is  called  the  tiue  place,  the  paiallax  depiesses 
an  object  in  a  vcitical  circle.  For  the  same  body  at  ditfbient  altitudes,  the 
paiallax  vanes  as  the  sine  (s)  of  the  appaient  zenith  distance  5  tlierefoie  if  jp  — 
the  horizontal  paiallax,  and  ladius  be  unity,  tli$  sine  at  the  paiallax=jp,$ 
To  asceitain  therefore  the  paiallax  at  all  altitudes,  we  must  first  find  it  at 
some  given  altitude. 

155.  Fit  si  method,  foi  the  sun.  AKISTARCIICTS  proposed  to  find  the  sun's 
paiallax,  by  observing  its  elongation  fiom  the  moon  at  the  instant  it  IB  dicho- 
tomized, at  which  tune  the  angle  at  the  moon  is  a  ii«$ht  angle,  theicfore  ^¥o 
should  knoW  the  angle  which  the  distance  of  the  moon  subtends  at  the  sun, 


i 
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which  diminished  in  the  ratio  of  the  moon's  distance  fiom  the  earth's  center 
to  the  ladius  of  the  eaith,  would  give  the  sun's  honzontal  parallax.  But  a 
veiy  small  error  in  the  time  when  the  moon  is  dichotomized,  (and  it  is  impos- 
sible to  be  very  accuiate  in  this)  will  make  so  veiy  gieat  an  eiroi  in  the  sun's 
paiallax,  that  nothing  can  be  depended  upon  from  it.  VENDELINUS  detei- 
mined  the  angle  of  elongation  when  the  moon  was  dichotomized  to  be  89°.  45', 
fiom  which  tiae  sun's  parallax  was  found  to  be  15".  But  P.  RICCIOLI  found 
it  to  be  28"  or  SO"  from  like  obseivations. 

156.  Second  method.  HIPPAKCHUS  pioposed  to  find  the  sun's  parallax  fiom 
a  lunar  eclipse,  by  the  following  method.  Let  S  be  the  sun,  E  the  earth, 
Ev  the  length  of  its  shadow,  mr  the  path  of  the  moon  in  a  central  eclipse. 
Obseive  the  length  of  this  eclipse,  and  then,  from  knowing  the  periodic 
time  of  the  moon,,  the  angle  mEr,  and  consequently  nEr,  will  be  known. 
Now  (he  honzontal  paiallax  ErB  of  the  moon  being  known,  we  have  the  angle 
JSw=ErJB-wJEr;  hence  we  know  EAB~AES-Evr-AES-ErB  +  nEr; 
that  is,  the  sun's  horizontal  parallax  —  the  appaient  semidiameter  of  the  sun  — 
the  houzontal  paiallax  of  the  moon  +  the  semidiameter  of  the  eaith's  shadow 
where  the  moon  passes  through.  The  objection  to  this  method  is,  the  great 
difficulty  of  determining  the  angle  nEr  with  sufficient  accuracy  ;  for  any  error 
in  that  angle  will  make  the  same  error  in  the  sun's  parallax,  the  othei  quan- 
tities remaining  the  same*  By  this  method  PTOLRMY  made  the  sun's  horizon- 
tal parallax  2'.  50".  TYCHO  made  it  3'. 

157-  Third  method,  for  the  moon.  Take  the  meridian  altitudes  of  the  moon, 
when  it  is  at  its  greatest  north  and  south  latitudes,  and  coirect  themfoi  icfrac- 
tion;  then  the  difference  of  the  altitudes,  thus  collected,  would  be  equal  to  the 
sum  of  the  two  latitudes  of  the  moon,  if  theie  were  no  paiallax;  consequently 
the  difference  between  the  sura  of  the  two  latitudes  and  the  difference  of  the 
altitudes  mil  be  the  difference  betweeii  the  patsUa&es  at  the  two  altitudes. 
Now  to  find  from  thence  the  parallax  itself,  let  Sf,  *  Dfe  the  sines  of  the  gieatest 
and  least  apparent  zenith  distances,  JP,  ^p  the  sines  of  the  con  espondmg  paral- 
laxes, then  as,  -when  the  distance  is  given,  the  paiallax  vanes  (154)  as  the  sine 

s  jt~Jk*  —  it 
of  the   zenith   distance,  S  .  $  .  P    p,  hence,  S-s    $'  P—p    #  =  —  -  —  c 

the  paiallax  at  the  greatest  altitude.  This  supposes  that  the  moon  is  at  the 
same  distance  in  both  cases,  but  as  tins  will  not  necessanly  happen,  we  must 
conect  one  of  the  obseivationsin  oidei  to  reduce  it  to  what  it  would  have  been, 
had  the  distance  been  the  same.  If  the  obseivatious  be  made  in  those  places 
wheie  the  moon  passes  thiough  the  zenith  in  one  of  the  obseivations,  the 


betweeii  the  sum  of  the  two  latitu^leb  and  the  zenith  distance  at  the 
**  pther  obseivation,  w$  be  the  parallax  at  that  altitude, 
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158.  Fourth  method.     Let  a  body  P  be  observed  from  two  places  A,  B  in     FIG. 
the  same  meridian,  then  the  whole  angle  APB  is  the  elFect  of  paiallax  between      28< 
the  two  places.     The  paiallax  (154)  APC^hor.  par.  x  sin.  PAL,  taking  APC 
foi  sin.  APC,  and  the  paiallax  BPC^hor,  par.  x  sin  PJ3M;  hence  hor*  par.  x 
sin.  PAL+pm-  PBM^APB,  s.hor.  par.  —APB  divided  by  the  sum  of  these 
two  sines.  ^  If  the  two  places  be  not  in  the  same  meridian  it  does  not  signify, 
piovided  we  know  how  much  the  altitude  vanes  fiom  the  change  of  declina- 
tion of  the  body  in  the  mteival  of  the  passages  ovei  the  meudianw. 

Ex.  On  Oct.  5,  1751,  M.  de  la,  CAILLE,  at  the  Cape  of  Good  Hope,  ob- 
served Mars  to  be  l'.  25",8  below  the  parallel  of  A  in  aquaiius,  and  at  25°  dis- 
tance fiom  the  zenith.  On  the  same  day  at  Stockholm,  Mars  was  obseived  to 
be  l'.  57",7  below  the  paiallel  of  *.  and  at  68°  14'  zenith  distance.  Hence  the 
angle  APB  is  3l",93  and  the  sines  of  the  zenith  distances  being  0,4226  and 
O,9287,  the  houzontal  paraljax  was  23",6.  Hence,  if  the  latio  of  the  distance 
of  the  earth  fiom  Mars  to  Its  distance  fiom  the  sun  be  found,  we  shall  have  the 
sun's  hoiizontal  paiallax.  Now  from  compaiing  the  altitudes  of  the  northern 
limb  of  Mars  with  stars  neaily  in  the  same  parallel  observed  on  the  same  days 
at  the  Cape  and  at  Greenwich,  Bologna,  Paris,  Stockholm,  Upsal,  Hernosand, 
the  mean  of  the  whole  gave  10",2  for  the  horizontal  paiallax  of  the  sun  ,  and 
i  ejecting  those  results  which  diffeied  the  most  from  the  rest,  the  mean  was  9", 
842.  From  the  mean  of  another  set  of  obseivations,  the  result  was 
Fiom  the  in  can  of  several  obseivations  on  Venus  made  in  like  manner,  the 
iallax  came  out  10",38.  The  mean  of  the  thiec  last  gives  9",93  for  the 
zontal  paiallax  of  the  sun,  FZAMSTEAB,  fiom  an  observation  on  Mars,  con- 
cluded the  sun's  parallax  could  not  be  more  than  10".  MAIUIDI  found  the 
same.  Fiorn  the  observations  of  POTOD,  and  Dr.  BRADLEY,  Dr.  HALLEY  ibund 
it  never  greatei  than  12"  noi  less  than  9"  CASSINI,  fiom  his  obseivations  on 
Mars,  found  it  to  be  between  li"  ami  15".  But  the  most  accurate  method  of 
determining  the  sun's  puiallaxis  fiom  the  transit  of  Venus  ovei  its  disc,  as 
be  explained  when  we  tieal  on  that  subject. 

159.  If  the  eaith  be  a  spheioid,  let  E  be  the  equator;  draw  GAv, 
perpendicular  to  the  surface,  and  compute  the  angles  CAv  or  LAG,  and  CBr 
01  MBH\>y  the  Rule  which  we  shall  give,  when  we  tieal  of  the  figuie  of  the 
eaith,  subtract  these  fiom  the  obsci  ved  zctuth  distances  PAG,  PBII,  and  we 
have  the  angles  PAL,  PBM.     Now  CP  :  CA  :  sin.  CAP  or  PAL  :  sin. 

,  ^^    CA  x  sin,  PAL 
APC-  -     -  ,    also,  CP  .  CB     sin,  CBP  01  PBM     sin. 


, 
,  and  as  the  paiallax  is  veiy  small,  the  sum  of  the  two  sines 

will  be  very  neaily  the  sine  of  the  sum,   thcrefoie  the  sine  of 

a 
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CA  x  8J.K.PAL  +  CBx  sw.PBM^  ^^  ^p 

FIG.         160.  Fifth  method.    Let  JEQ  be  the  equator,  P  its  pole,  Zthe  zenith,  » 
29.      the  true  place  of  the  body  and  r  the  appaient  place  as  depiesscd  by  paiallax  in 
the  veifacal  circle  ZK,  and  diaw  the  secondaries  Pva9  Prb  ,  then  ab  is  the  pa- 
rallax  m  nght  ascension,  and  rs  in  decHnatioii.   Now  w  .  vs  •  l  (iad  )    sin.  vrs 
or  2»P,  and  t»    a&::cos.»a  :  1  (13);  hence,  vr  .  at::  cos.  ea    sin.  iwA.-. 
w  x  sin.  ZwP  ,  .  '  " 

*b=      cos.  va  -  '  but  w  =  Aw<.  jwr.x  sin  ^(154),  and  (Tug.  Ait  22l.)sm. 


tZ    riaZP::8m.ZP*     sm.  ZpP  =      "       p*  ™'  theiefore  by  substitu- 

7     hor.  par,  x  sin.  J?P  x  sin,  ZPv 
tion,#^  COSa  va  -  '  -  •     Hence  few  the  same  stai,  whcio  the 

hor.  far.  is  given,  the  paiallax  in  right  ascension  vaues  as  the  sine  of  the  hour 

^       T  AI        Ai       ,  ##  X  COS    5^^ 

angle.    Also  the  hor.  far.  =.  ^^  x  Bm7zp-  .     Foi  th'c  eastern  hemisphere, 


the  apparent  place  b  lies  on  the  equator  to  the  east  of  a  the  tiue  place,  and 
theiefore  the  right  ascension  is  diminished  by  parallax  ,  but  m  the  western  he- 
misphere, b  lies  to  the  west  of  a,  and  theiefoie  the  nght  ascension  is  mci  eased. 
Hence,  if  the  nght  ascension  be  taken  befoie  and  after  the  meiidian,  the  whole 
change  of  paiallax  m  right  ascension  between  the  two  observations  is  the  sum 

(5)  of  the  two  paits  befoie  and  after  the  mendian  ,  and  the  hor.  par.  =  *  X  CQS*  va. 

r        sm.#jP  x  JS 
where  5=  sum  of  sines  of  the  two  houi  angles* 

161.  To  apply  this  Rule,  obseive  the  right  ascension  of  the  planet  when  it 
passes  the  meridian,  coinpaicd  with  that  of  a  iked  star,  at  which  time  thcio 
is  no  paiallax  in  nght  ascension  ;  about  6  hours  after*  take  the  difference  of 
then  nght  ascensions  again*  and  obseive  how  much  the  d^eieuce  (df)  between 
tile  apparent  right  ascensions  of  the  planet  and  fis;$d  stai  has  changed  in  that 
time.  Next  observe  the  nght  ascension  of  the  planet  for  3  or  4  days  when  it 
passes  the  mendian,  m  order  to  get  its  true  motion  in  nght  ascension  ,  then  if 
its  motion  in  right  ascension  in  the  above  inteival  of  time  between  the  taking 
of  the  right  ascensions  of  the  fixed  stai  and  planet  on  and  off  the  rnciidiau  bo 
equal  to  d,  the  planet  has  no  parallax  in  light  ascension  ,  but  if  it  be  not  equal 
to  d,  the  difference  is  the  parallax  in  right  ascension,  and  hence,  by  the  last 
Article,  the  horizontal  parallax  will  be  known.  Or  one  obscivation  may  be 
made  as  long  befoie  the  planet  comes  to  the  meridian,  by  winch  a  greater  dif- 
ference will  be  obtained, 

Ex.  On  August  1#;  1719,  Mars  was  very  neai  a  star  of  the  Jth  mrgmtude 
ia  the  eastern  shoulder  of  acjuaiius,  and  at  9  h.  18'  in  the  evening,  Mars  fol- 
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lowed  the  star  in  10'.  17",  and  on  the  16th  at  4/j.  21'  m  the  moimng  it  followed 
it  in  10'.  l",  theiefoie  m  that  inteival,  the  appairut  light  ascension  of  Mais 
had  mci  eased  16"  in  time.  But  accoiding  to  obsei  \ations  made  in  the  meri- 
dian foi  seveial  days  after,  it  appealed,  that  Mais  approached  the  star  only  14" 
in  that  time,  flora  its  pioper  motion,  theiefoie  2"  in  tune,  or  30"  in  motion,  is 
the  effect  of  paiallax  in  the  mteival  of  the  obsci  vations.  Now  the  declination 
of  Mais  was  15°,  the  co-latitude  41°.  10',  and  the  two  houi  angles  49°.  15'  and 

fco    an'    A          £        XT       7  SO"  X  COS.   15° 

56  .  39  ;  thercfoi  e  the  hor.  par.  =  -  7-5  -  T~  -  ---  5  —  ,  _  0/7  v> 

*         sm.  41°.  10  x  8in.  49°.  1  //  +  sin.  5ti°.  39*      "*  * 

But  at  that  time,  the  distance  of  the  eaith  from  Mais  was  to  its  distance  fiom 
the  sun  as  37  to  100,  and  theieforc  the  sun's  horizontal  parallax  comes  out 
10",17. 

162.  When  Di.  MASKELYNE  was  at  St.  Helena  and  Barbadoes,  he  made  se- 
veial  observations  of  this  kind  on  the  moon,  in  mder  to  detcimme  her  hon- 
zontal  parallax  ;  and  he  furthei  observes,  «  that  if  the  like  obsei  vations  weu> 
lepeated  in  diffcicnt  parts  of  the  eaith,  it  would  piobably  afford  the  bebt  means 
yet  proposed,  for  ascei  taming  the  tiue  figure  of  the  cartli,  as  they  would  de- 
teimme  the  ratio  of  tke  diameteis  of  the  parallels  of  latitude  to  each  other 
the  horaiy  parallaxes  being  in  pioportion  theieto  :  For  though  the  earth  affords 
but  a  small  base  at  the  moon,  yet,  by  icpeatmg  these  trials,  and  comparing 
the  icsults,  we  may  hope  to  attam  that  degiee  of  exactness,  which  we  could 
nevei  expect  fiom  lewci  obsei  vations." 


. 

I68'/?  ieSldf8  ?C  Cffi?ct  °f  Parallax  in  riSht  tension  and  decimation,  it 

and  lon^llude  of  the  moon  and  Pla^ts  must  aJso 


A  oon  an    Pa^s  must  aso 

be  affected  by  it  5  and  as  the  determination  of  this,  in  respect  to  the  moon,  is 
m  many  cases  particularly  in  solai  eclipses,  of  great  importance,  we  shall  pro- 
cced  to  show  how  to  compute  ,t,  supposing  that  we  have  given  the  latitude  of 

tn^i?*  i  'IT'  !mt-lconse(luclltly  the  s™'*  light  ascemmn,  the  moon's 
tiue  latitude  and  longUudc,  with  her  horizontal  paiallax. 

164.  Let  IIZR  be  the  meiidian,  vEQ.  the  equator,  p  its  pole:  «v>C  the 
ecliptic,  f  its  pole  ,  *  the  first  point  of  anes,  HQR  the  horizon,  ^thezenith 
"dary  t0  ^^"on  P^ng  through  the  tiue  place  r  and  appoiont 
the  moon,  draw  P/,  Pr,  which  pioduce  to  ,,  drawing  the  small 
t  '  to  Ptt  and  diawthesmall  circle 


n'       T'  °r          1, 
Dtaw  the  gi  eat  cncles  pv,  PZAB,  Ppde,  and 
cuai  to^;  then  as  **=*,,  and  ^^^  v  mu/(4)  beth 

also   dn     ?  °J  C?nSC(1UCUtl^1SOnC  °f  the  solsticial  points. 

dw,  draw  ^  perpendicular  to  Pr,  and  join  Z»,p*.    Now  J,  01  the  au 

•         <*Zp*,  is  the  right  ascension  of  the  mid-heaven,  winch  is  known  (lo!> 
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?=  AB  (because  AZ  is  the  complement  of  both)  the  altitude  of  the  highest 
point  A  of  the  ecliptic  above  the  honzon,  called  the  nonagebimal  degree,  and 
vA,  or  the  angle  vTA  is  its  longitude.  Now  in  the  right  angled  tnangle 
Zptt\  we  have  Zp  the  co-latitude  of  the  place,  and  the  angle  ZpW,  the  dif- 
feionce  between  the  light  ascension  oi  the  mid-heaven  vpE  and  vd ,  hence, 
(Tug.  Ait.  212,)  cot.  p.  Z  lad  :  cos.  j)  .  tan.  $W,  tlieiefoie  PW=pW^  pp', 
wheiethe  uppei  sign  is  to  be  taken  when  the  right  ascension  of  the  mid-heaven 
is  less  than  180°,  and  the  under,  when  gi cater.  Also,  in  the  tuangles  WZp, 
jrZP,  (Tng.  Ait.  231.)  sm  Wp  :  hinJFP  cot.  TTpZ  .  cot.  WPZ,  01  tan. 
^Pv,  and  as  we  know  cy>o,  01  r  Po,  the  tiue  longitude  of  the  moon,  we  know 
APo,  01  ZPx.  Also  (Tug.  Art.  219.)  cos.  WPZ,  01  sm.  APZ, :  lad.  ::tau. 
WP  tan.  ZP.  Hence,  in  the  tiuingle  Z\  P,  we  know  ZP,  Pr  and  the  angle 
P,  fiom  which  the  angle  ZrP  or  trs,  and  Zr  may  be  found  ,  foi  in  the  light 
angled  faiaiigle  ZRv,  we  know  ZP  and  the  angle  P,  to  find  Px  ;  thereto e  we 
know  raf,  and  hence  (Tiig.  Art  231  )  we  may  find  the  angle  Zrv,  with  which, 
and  rf,  we  may  find  Zr  the  true  zcmth  distance  ,  to  \Uncli,  as  if  it  were  the 
apparent  zenith,  distance,  find  the  paiallax  (154)  and  add  to  it,  and  you  will 
get  veiy  nearly  the  apparent  zenith  distance,  conesponding  to  which,  find  the 
paiallax  rt,  then  in  the  light  angled  tnangle  ntt  which  may  be  considcied  as 
plane,  we  know  rt  and  the  angle  r,  to  find  rs  the  paiallax  in  latitude  ;  find  also 
to,  which  multiplied  (108)  by  the  secant  of  to,  the  appaient  latitude,  gives  the 
aic  o&,  the  paiallax  in  longitude. 

Ex.  OnJanuaiy  1,  1771,  at  9k.  apparent  time,  in  lat.  53°N.  the  moon's  true 
longitude  was  3,s.  18°.  27'.  35",  and  latitude  4°.  5'.  30"S.  and  its  hoiizontal  pa- 
Killax  61'.  9",  to  find  its  parallax  in  latitude  and  longitude. 

The  sun's  ught  ascension  was  282°.  22'.  2"  by  the  Tables,  and  its  distance 
fiom  the  meridian  135°,  also  (106)  the  light  ascension  vE  of  the  mid-heaven 
was  57°.  22'.  2";  hence,  the  whole  operation  for  the  solution  of  the 
may  stand  thus. 

k   ,X»ur-    32°.  37'.  58"        -         -         -         cos      9.9253864 

tan.     9.8871144 
tan,     9.8025008 


IZp      =. 

37. 

0. 

O 

(pW   = 

32. 

23. 

57 
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PW  = 
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37. 

58 
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67. 
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8 

A.C. 


sin.  0,2709855 
sin.  9,9178865 
cot  10.1935941 


tan.  10.3824661 


Liu 
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oPv  =  108".  27'.  35" 
oPA  =    40  .  58  .  2V 


(APZ=    67.  29.     8 
JJTP   =    55.  51.  57 

?2P     =    57.  56.  36 

'ZP     =    57.  56.   3C 
Ptf  =    40.  58.   27 

r      =   50.   19.  33 
/*      =94.     5.  30 


sm.     9.965570O 
tan. +  1O  20J68821O 

tan.   10.2032510 

tan,  10.2032555 
cos.  9.8779500 


r  =  43.  45.  57 
'*  =s  50.  19.  S3 
Px  =  40  .  58  .  27 

r#   =    44.      1  .   16 

^Znr    =    44.     1 .  16 
'       =    43.  45.  57 
<Zr      =   53,     6.  10 

fir      =2   53.     6.   10 
Hoi.  par.  =  61'.  9"  =  3669". 

rt  imconected  =  2934"=48'.  54" 

App.  zen.  dist  -27=53°.  55'.  4"neaily 
Uoi. par.=617.  Q"  -  3699". 

^Pdr.  rt  COl  n2965'/r=49'.  25"     - 

i  =  44°.  1'.  16"         -.-. 

£f£  pai.  in  /a/.=2132'/r=  35'*  32" 
COl.  =  2965"  - 


tan.  10.0812055 

A.C.  sin,  0.1 60074 J 

sin,  9.8663144 

tan.  9.9387676 

tan.  9  9851563 

cos,  +10  19.8567795 

tan-  9.9812846 


.Tine  lat  ro=4°.  5'.  SO" 
App.  lat.  ^  =  7o-r5=4°.  41'.  2" 
ott  par.  in  /o;?^**  =  2067"  =  34'.  27" 


cot.  9,8754949 

sm.  9.9029362 
log.  3.5645477 

log.  3.4674839 

sm.  9.9075042 
log.  3.5645477 

log   3.4720519 
cos.  9.8567795 

log.  3  3288314 

log.     3.4720519 
sm.     9  8419369 

log.     3.3139888 

sec.   10.0014528 
log.     33154416 


The  xaluc  of  A,  lfl  , o-or  +  w,  accoiding  as  the  moon  has  N  or'S 

•^  n, "/T 'vr btlhlde' but the ^f" - fo-* 

TIus,  U,c  d,rcot  method  of  Sol™g  ,ho  p.cbl™  ftora  the  tm^s .  bm  ,l,e 


ON   JPA.RALLAX. 


operation  maybe  rendered  easiei  by  the  following  liule  (the  most  convenient 
of  any  yet  given)  discovered  by  Dr.  MASKELTNE,  but  communicated  without 
the  demonstiation.  The  investigation  heie  given,  is  by  the  Rev.  Dr.  BMNK- 
LEY,  Pi  of  essor  of  Astronomy  at  Dublin. 

Let  the  height  II  of  the  nonagenmal  degiec,  or  1%  and  the  angle  ZL  r 
(n),  the  moon's  true  distance  fiom  the  nonagesimal,  be  computed  as  befoie. 
Put  P=the  parallax  00  in  longitude,  Q=the  parallax  at  in  latitude,  depie&bing 
the  moon  southwards,  JL  =the  hue  latitu'de,  I  the  appaient  latitude,  /*  the  ho- 
rizontal paiallax.  Now 


P  .m»iad..an.  Pr 

,  n    rt:  sin.  ntr  :  iad. 
rt     h  '  &m  #/  .  iad. 


<p     ^  .  sin.  n/r  x  sm.  Z,  .  sm.  Pr, 

b        ' 


hence  .. 

aence,  r  —  sin<  _pr  \ 

h  x  sin.  PZxsin.  ZPt  _  h  x  sin.  H  x  sm.  n  + 


_ 

IHTlY  ~  cos.  L 

Also,  M    fr  '.  cos.  rtn  :  iad.  •  sin.  rftz  :  tan.  rtn 

tr    h  •    sin.  Zt  :  iad. 
.tto    k 


rallax  m  Longltude. 


nn.raix  sm. 
sin. 


tan.  7/nxiad.      sin.  P^  x  sin.   ZPt  ; 
substituting  for  the  thud  and  fomth 


x  cos 


.  P*  x  cos.  ZPt  =  /.  x  cos.  H  x  cos.Z  -  A  x  sin  IIx  sm.  /  x  cos.  » 


Now  as  the  angle  rPn  is  very  small,  we  have  <w  =  2  ^   Pr=  (fiom  the  fcst 


sm. 


z     L     t  p  Pr  =  |  P  x  P  x  sin.  Pr  x 

-    ^ 


•,  fflra> 
pioportion  above)  -  2  tan 

cos  Pr=(as  fiom  above,  Pxsxn.  Pr=/^sin.  P^xsin.  ZPf) 


, 
in.r.,  or  sin.  /neaily,  hence,  Q=to:=J-^=_ 

cos    -  7  x  sm.  H  x  sin.  /  x  cos.  ¥TP  -*  x  sin.  H  x  *  P  x  sin.  »  +  P  x  «iu.  L 
P  is  vexy  small,  we  may  call  *  P  the  sine  of  4  P,  and  i^cosme  we  may 
rad.  =  l;  hence,  for  cos-TTTP  we  mf^^^^k^ 
d  for  4  P  x  sm.lTTP  **  tnay  put  sin,  n  +  J-  x  sin.  -,  P  ,  hence,  Q-/.XCOS. 
Hxcoa.i-AxB.iu  I/xsm.  /xcos:iT^<cos.  |  P  +sm.  n4-P_xsm.  |  P  =  0>c. 

x  cos  tP  +  suun^Px  &m.  ^P^ 
x  sin.  /x  cos.n+iP,  thepaiallax 

rs  into  the  expre^ion  foi  devalue  ofP,  and  as  P  is  vciy  small, 
*  If  we  concave  two  tangents  to  be  drawn  to  P,  and  Pa  at  r  and  a,  and  to  meet,  then  ,»  may 
conMdlred  as  the  sn*  of  ra  to  the  length  of  these  tangent,  a,  a  radius,  and  thetefore,  by  the  pro- 
of  the  circle,  a»  =  »«'  diw4«l  by  twice  the  tangent. 


cause  by  plane  Trig.  Ait  103.  cos.  n 
cos.  ^PP)A  x  cos.  Hx  cos.  /-7.x 


ON 


„  h  x  sin.  H*  sin.  n      ,     t       „    .  , 

we  must  fust  suppose  P=^  -  f  -  ,  which  will  give  a  near  value  of 

-1 


P  ,  then  put  that  value  into  the  numeratoi  ,  and  you  will  get  a  very  accurate: 
value  of  P.  Also,  in  the  expiession  for  Q,  we  have  the  apparent  latitude, 
which  cannot  be  known  without  knowing  Q9  hence  we  must  firs,t  got  a  near 
value  of  Q  and  apply  it  to  the  tiue  latitude  to  get  the  apparent  ne^Uy;  to  da 
tins,  we  may  omit  the  second  pait  as  being  small,  on  account  of  sin.  /being 
small  foi  the  moon,  and  suppose  <S~  Ax  cos.  jffx  cos.  /iz&xcoSofl'xcos  Z,neaily, 
01  when  the  latitude  is  veiy  small,  as  is  the  case  of  the  moon  in  solar  eclipses, 
we  may  suppose  Q  =  /JXCOS.  J5T,  fiom  which  we  shall  get  the  appaient  latitude 
with  sufficient  accuiacy. 

In  the  application  of  this  Rule,  regaid  must  be  had  to  the  signs  of  the  quan- 
tities, if  n+^-P  be  gi  eater  than  90°  its  co&me  becomes  negative,  in  which 
case  Q  will  be  the  sum  of  the  quantities,  unless  the  appaient  latitude  I  is  south, 
m  which  case,  its  cosine  will  be  negative,  which  makes  the  first  term  negative. 
In  geneial,  Q  will  be  the  mm  of  the  two  paits,  when  n  f  -|p  and  the  moon's 
apparent  distance  fiom  P  aie,  one  gi  cater  and  the  othei  less  than  90°,  othei  wi^c 
Q  will  be  the  difference.  The  paiallax  in  longitude  increases  the  longitude,  if 
the  body  be  to  the  east  of  the  nonagesimal  dcgice,  and  decreases  it,  if  it  be  to 
the  wetf*  This  Rule  is  moie  conect  than  the  othei,  because  in  that  we  took 
the  small  cucle  A9,  instead  of  a  gicat  circle  fiom  t,  as  the  perpendiculai  fiom 
t  upon  Pr  produced.  This  eiroi,  for  the  moon,  may  sometimes  amount  to 
about  2".  It  may  be  collected  by  applying  an  found  above. 

To  apply  this  Rule  to  the  last  case,  we  have  //=:570*  56'.  36",  ^  = 
S31.  27",  i  =  4°,  5'.  30"  south,  Jt~6l'.  9"  =  3669";  hence, 

Log.  h       ........         3.56*^477 

Sm  H          ........     9,9281518 

Cos.  L.  ......         A.C.  0,0011084 

3,4938079 
Sin.  n       ........         9.8167176 


Log.  2044"  =34'.  4"  =  Pneaily       -  3.31052S5 

Theiefoie  n  +P=4l°>  32'.  31";  hence, 

3.4938079 
Sm.  n  +  P  ...  9.8216237 


Log.  2067"  =  34'.  27"  par.  in  Longitude  -        -  3.33  543 16 

Log.  Ji •         -  3,5645477 

Cos.  H 9  7248963 

Log.  2133":=  35'.  33"  par.  lat*  neaily  -      +»  3.S894440 


•QNT  PABAIXAX. 


5'.  30" 


3  app.  lat«  neaily. 


Log.  A    - 


Cos./=:40,  41',  3"  nearly  ~ 
Log.  1941"  =  32'.  21"    - 


Log.  7^ 
Sm.  H 
Sm.  Z 
Cos. 


3.5645477* 
.     9.7248963 1 

9.9985470  V  first  part  of 

-     3.2979910 


Log.  191"-  5'  11"  - 
32.  21 


3.5645477 

-  9.9281518 
8.9120258 

-  9.8759399 

2.2806552 


*  second  pait  of  Q« 


/  35  .  32  pai.  in  Latitude. 

The  sum  of  the  two  parts  is  heie  taken,  because  Pt  is  greater  than  90°,  and 
n+^P  less  than  90°, 

1G5.  Hitheito  we  have  consideied  the  effect  of  paiallax,  upon  supposition 
that  the  caith  is  a  spheie;  but  as  ihe  eaith  is  a  spheioid,  having  the  polar 
diameter  shoitei  than  the  equatorial,  it  will  be  necessaiy  to  show  how  the  com- 
putations aie  to  be  made  for  this  case-  The  following  method  is  given  by 
CLAIKAUT 

no.  lGfi  Let  EPQp  be  the  caith,  JZQ  the  equatorial  and  Pp  the  polai  diamc- 
*31.  teis,  0  the  place  of  the  spectatoi,  HCR  the  rational  houzon,  to  which  draw 
ZONJ£  peipendicular^  L  the  moon,  join  JL0,  XC,  LK,  and  cltaw  CV  pei- 
pendiculai  to  LK.  Now  to  compaie  the  apparent  places  seen  fiom  0  and  C, 
let  us  compare  the  places  secufiom  O  and  K,  and  from  K  and  C.  Put  // -  the 
hoiizontal  parallax  to  the  ladius  OC,  or  ON  which  is  very  neaily  equal  to  it, 
on  account  of  the  smallness  of  the  angle  CON.  Let  C'O=l,  and  CN  (the 
sine  of  CON  to  that  iadius)  =  ff,  /—tan.  of  tlie  angle  £CN  the  latitude  of  the 
place;  then  racl.=  l  t  a  ta^NK,  hence,  as  /j  =  thG  angle  undor  which 
ON  (which  we  may  consiclei  as  equal  to  unity)  appeals  when  seen  duoctly  at 
the  moon,  we  have  h  x  to^the  angle  undei  which  NK  \vould  appeal ,  theicfbic 
Ax  1+"^= the  honzontal  paiallax  of  OK,  consideimg  theiefbie  K  as  the 
centei  of  a  spheie  and  KO  the  ladius,  compute  the  paiallax  as  bclbie.  Now 
as  the  planes  of  all  the  cucles  of  decimation  pass  tluongh  Pp,  in  estimating 
the  paiallax  either  from  K  or  0,  the  paiallax  in  right  ascension  must  be  the  same, 
Sbccause  K  and  0  lie  ia^hc  $>lanc  of  tlie  same  circle  of  declination  j  the  only 


^^^^^^ 
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difference  therefore  between  the  effect  of  parallax  at  K  and  0  must  be  in  decli- 
nation. Now  at  A%  the  angular  distance  oi  the  moon  fiom  the  pole  P  is  LKP, 
and  the  angular  distance  from  C  is  LCP,  the  difference  of  these  two  angles 
therefore,  or  CLK9  is  the  difference  between  the  paiallax  in  declination  at  K 
and  at  C,  and  this  angle  CLK  is  always  to  be  added  to  the  polai  distance  seen 
faorn  K  to  get  the  polar  distance  from  C.  Now  CLK=,hxCV,  but  the 
angle  7GK  (_JC,OE)ib  the  moon's  decimation,  theiefoie  C7=CKx  cos.  dec. 


also,  CK=  «     —  V  ;  hence?CM^/£2i^^!i.     This  theze- 

cos  -fiCC^V  =  cos.  Lit.  cos,  lat. 


foie  is  the  equation  of  declination  for  the  spheioid,  to  be  applied  to   find 
the  paiallax  in  declination  seen  fiom  C,  after  having  calculated  the  effect  of 
paiallax  in  decimation  foi  a  spheic  whose  centei  is  K  and  ladms  KO.     Thcic  is 
no  equation  for  the  paiallax  in  light  ascension*     To  find  how  this  equation  m     FIG. 
declination  will  affect  the  latitude,  let  P  be  the  pole  of  the  equatoi,  p  the  pole      32« 
of  the  ecliptic,  L  the  place  of  the  moon  seen  fiom  K,  and  b  seen  fiom  C,  then 
IJj  is  the  equation  in  declination,  draw  La  peipcndiculai  to  pb,  and  la  is  the 
equation  in  latitude,  and  the  angle  apL  the  equation  in  longitude      Now  con- 
sidering bL  and  It  as  the  variations  of  the  two  sides  Pb,pb,  whilst  Pp  and  the 
angle  P  icniain  constant,  we  have  bL  :  ha*    (Tug.  Art.  262.)  lad.  .  cos,  b9 

or  cos.   Z  =  (Tng.  Alt.  w)*^P  ^™*P  *  ™  Pb  ,    hence,    ba^bLx 

sin.  Pp  x  sin.  pb 

cos.  Pp-  cos.  Pb  x  cos.  pb_   lixa       cos.  Pb     cos-jPft  x  cos,  <pb  _  lixa 
sin.  Pb  x  sm.pl)          """  cos.  lat      sin.  pb  sm."pb  cos,  lat.  X 

_sin< 


_ 

cos.  lat        cos.  moon's  lat. 


rnoon^s  lat.     But  if  CP  be  to  CE  as  I     1  +m9  and  ^  y,  —the  sine  and  cosine 
of  the  latitude  of  the  place,  then  a  =  2wz  x.r/y,  as  shown  in  the  Cluptoi  on  the 


Piguie  of  theEaith,  hence,  ba-Qhwxx  _col  2S.  ?^  ---  &in    dec-  x  tan. 

cob.  moon's  lat. 

moon's  lat.  The  sign  —becomes  +  if  the  declination  and  latitude  of  the  moon 
be  of  diffeient  affectioris,  that  is,  one  soutli  and  the  other  ntnlh.  The  latitude 
heie  used,  is  that  seen  fiom  the  ccntci  of  the  eaith.  This  conecton  mcreabCb 
the  moon's  distance  fiom  the  pole  p  of  the  ecliptic 

1G7-  To  find  the  conection  of  the  longitude,  OT  the  angle  Lpa,  we  have 

(13)  La^Lpaxsin.  pL>  hence,  Lpa  ^     Ija  r  ;    but  tfi  =  JJt  x  sin.   I,  and 

f  9 


by  sphei.  tug.  sin.  Pb    sm.  p.:<  sin.  Pp    sin.  fr=*in'^xsn      ^.;  also,  LI 

r  sin.  frb       '        ' 


!  hence,  Lpa=z  sOm*  x  sm^xsn  - 

sin*  j?L  cos.  dec.  d  x  cos.  lat 
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n(as  tlic  cos.  of  the  moon's  latitude  maybe  considcied  equal  to  unity)  2 

—  -  —  x  cos.  Ion.  <r  .    In  noith  latitude,  we  must  add  this  collection  to 
cos,  dec.  d 

FIG.     the  longitude  seen  fiom  J£  ,  when  the  moon  is  in  the  descending  signs  3>  4,  5, 
31.      6,  7,  8,  but  subtract  it,  when  m  the  ascending  signs  0,  1,  2,  9,  10,  11,  to  have 
the  longitude  seen  fiom  C,  and  the  contiary  when  the  latitude  of  the  place 
as  south. 

168.  Accoiding  to  the  Tables  of  MAYER,  the  greatest  paiallax  of  the  moon, 
(01  when  she  is  in  her  perigee  and  in  opposition)  is  61'*  32"$  the  least  paiallax 
(or  when  in  hei  apogee  and  conjunction)  is  53',  52",  in  the  latitude  of  Pans; 
the  arithmetical  mean  of  these  is  57'.  42",  but  this  is  not  the  parallax  at  the 
mean  distance,  because  the  parallax  vanes  mveisely  as  the  distance,  and  theic- 
foie  the  paiallax  at  the  mean  distance  is  57'.  24",  an  harmonic  mean  between 
the  two.  M.  de  LAMBRE  lecalculated  the  parallax  fiom  the  same  obseivationb 
fiorn  which  MAYER  calculated  it,  and  found  it  did  not  exactly  agiec  with 
MATEB'S.  He  made  the  equatorial  paiallax  57'.  1  1",4.  M.  de  la  LANDE  makes 
it  57'.  5"  at  the  cquatoi,  56',  53",2  at  the  pole,  and  57'.  1"  for  the  mean  radius 
of  the  eaith,  supposing  the  difference  of  the  equatorial  and  polai  diameters  to 

be-JL  of  the  whole.    From  the  formula  of  MAYER,  the  equatoual  paiallax  is 

300 
,57'.  ll",4  with  the  following  equations,  accoiding  to  M.  de  la  LANDE. 

57'.  ll",4~3'.  7",7  cos.  ano,  <L 

-f    10,  0  cos*  2  ano.  <c 

—  0,  3  cos.  3  ano.  <t 

—  37,  3  cos.  arg.  evcction 
+     0,  3  cos.  2  aig.  cvect. 
+   26,  0  cos.  2  dist.   «  & 

—  1,  0  cos*  dist  <L 

4-  0,  2  cos.  4  dist.   <c 

-f  2,  0  cos,  2  (apo.  <  —  0) 

4  0,  2  cos.  3  (apo.  <r  —  ©) 

4-  1,0  cos.  (arg.  evcct.  +  ano.  ©) 

+  0,8  cos.  (2  arg.  Lit.  —  ano.  <L  coi.) 

—  0,  8  cos.  (2  dist.  d  a0  —ano.  ©) 

—  0,  7  cos.  (2  dist.  «  a©  -Mno.  ©) 

+  O,  6  cos.  (arg.  evect.  —  mean  ano.  «  ) 

-f  0,4  cos.  2  (»  -  O)3  or  2  (Q  H-sup.   e) 

+  0,  3  cos.  mean  ano.  © 

+  0,  2  cos.  (mean  ano.  <t  *-  mean  ano.  ©) 

4-  O^  I  cos,  (3  dist»  ©a  «  +mean  atio.  c  ) 


ON  PAEALLAX, 

159.  Let  r=£  the  semiaxis  major,  ^=|  the  semiaxis  minor,  n  =  the  sine, 
m  the  cosine  of  the  angle  OCE,  then,  from  comes,  the  sine  of  the  horizontal 
polar  parallax  :  sine  of  the  hor.  parallax  at  0  : 
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of  the  hoi.  par.  at  0= 


? 


+  />'»»*  :  rf\  hence  the  sine 
;  x  the  sine  of  the  hoi.  polar  parallax.    If 


? 
P:  230  -.  229,  we  have  the  following  Table  for  the  horizontal  paiaUax  for 


e"very  degiee  of  latitude,  that  at  the  pole  being  unity. 


Lat. 

Hor.  Par.  ||  Lat. 

Hor.  Par. 

1  JLat. 

Hor.  Par. 

0° 

10O438 

31° 

100321 

i  6i° 

100103 

1 

]  00438 

32 

1OO314 

II  &2 

100097 

2 

10O437 

S3 

100307 

63 

100091 

3 

100436 

34 

1O0300 

64 

100085 

4 

100435 

1  35 

1OO293 

65 

10O079 

5 

100434 

S€ 

1O0286 

66 

100073 

6 

100433 

37 

1O0279 

67 

100067 

7 

100430 

38 

100272 

68 

1O0062 

8 

100428 

39 

J  00265 

69 

100057 

9 

100426 

'  40 

100257 

70 

100052 

10 

100424 

1  41 

100250 

71 

100047 

11 

100421 

42 

100243 

72 

100042 

12 

1O0418 

43 

100235 

73 

100038 

13 

100415 

44 

100227 

74 

100034 

14 

100412 

45 

100219 

75 

300030 

15 

100408 

46 

100211 

76 

1O0026 

IS 

1004O4 

47 

1O02O3 

77 

100023 

17 

100400    48 

100195 

78 

100020 

18 

3  00396    49 

100187 

79 

100017 

19 

100391     50 

100180 

80 

100014 

20 

100586  1  51 

100173 

81 

100012 

21 

100381  |  52 

1001G6 

82 

100010 

22 

100376    53 

100159 

83 

100008 

23 

100371     54 

100152 

84 

100006 

24 
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0$  PARALLAX. 

Tbeoiem,  the  paiallax  may  be  veiy  easily  calculated  foi  any  othei  ratio  of  the 
diameters  of  the  eaith. 

170.  To  find  the  mean  distance  Cs  of  the  moon,  we  have  AC?  the  mean 
radius  (r)  of  the  earth,  :  Cs,   the  mean  distance  (DJ  of  the  moon  from  the 
eaitlv  sin.  57'.   l"=Ai>C  (168)  :  ladius     1  .  60,3 ,    consequently  D  =  60,Sr; 
but  r  =  3964  miles,  hence,  D  =  239029  miles. 

171.  According  to  M.  de  la  LANDE,  the  honzontal  semidiameter  of  the 
moon  .  its  horizontal  paiallax  foi  the  mean  ladius  (r)  of  the  earth     15' 
54'.  57",4,  01  very  nearly  as  3  •  11,  hence,  the  semidiametei  of  the  moon  is 
-Lrrr—x  3&64=:1081  miles,  and  as  the  magnitudes  of  spheiical  bodies  aie 
as  the  cubes  of  then  ladu,  we  have  the  magnitudes  of  the  moon  and  caith 

as  3'     II3     1  :  49- 

172*  In  the  spheioid,  besides  the  parallax  in  light  ascension  and  decimation, 
•latitude  and  longitude,  thcie  is  also  a  parallax  m  azimuth,  and  also  a  collection 
of  the  paralla,x  111  altitude.  Foi  the  plane  which  is  peipendiculai  to  the  sin- 
face  at  0)  always  passqs  thiough  OAr,  and  theiefoie  the  azimuth  seen  fiom  O 
01  N  and  fiom  C  must  be  diffeient,  except  when  the  body  is  on  the  mendian, 
m  which  case  the  plane  also  passes  thiough  C,  and  the  altitude  seen  fiom  N 
must  also  be  diffeient  fiom  that  seen  fiom  C.  Hence,  having  compaied  the 
paiallax  between  O  and  N  in  altitude,  we  shall  want  a  collection  foi  the  chffe- 
lence  between  the  altitudes  and  azimuths  seen  fiom  A^and  C.  Let  thciefore 
FIG-  CN  lepicsent  CN  m  FIG.  31.  L  the  moon,  LCR  a  plane  peipendicular  to 
the  houzon,  and  then  will  NCR  be  the  azimuth  seen  fiom  C9  draw  NM  pci- 
pendiculai  to  CR?  MS  peipendicular  to  CL,  and  LR  peipendicular  to  the 
hoiizon  ,  and  let  m  and  n  bo  the  sine  and  cosme  of  NCM9  /  the  sine  of  A/CW, 
a^CN,  the  sine  of  CON  in  VIG  31.  and  c  tire  cosine  of  LNJ19  and  lei  rf= 
the  distance  of  the  moon;  then  cdzzRN,  ma-MN.  Now  the  hue  CO  in 
FIG.  33.  or  unity,  at  the  distance  d  appears  under  an  angle  h  when  seen  di- 
rectly; hence,  -L  h  —  .  the  angle  NRC  =  f~—  the  diffeiencc  of  tin* 

Cl  Ctt  *•* 

azimuths  seen  fiom  C  and  N.  Also,  as  the  aic  paiallel  to  the  Iionzoa  be- 
tween any  two  sccondaucs  to  it  varies  (13)  as  the  cosine  of  the  altitude,  the 
aic  of  the  diffeiencc  of  the  azimuths  at  the  altitude  of  the  moon=/ww  =  7*  x 
MN.  Now  as  the  plane  NML  i*  peipendiculai  to  GLM,  and  NM  is  ex- 
tremely small,  the  altitudes  seen  fiom  JVaiid  AT  will  not  sensibly  differ,  hence, 
the  diffeicnce  between  the  altitudes  at  N  and  C  is  the  angle  CLM^h  *SM 
=zh  x  r  x  CM—h  x  r  x^z  x  a.  If  the  moon  be  to  the  south  of  the  pi  line  verti- 
cal, we  must  subtract  this  coirection  fiom  the  altituc^  at  N  to  get  the  altitude 
at  C,  if  it  be  to  the  north,  we  must  add  the  collection 

173.  But  the  most  elegant  and  simple  method  of  finding  the  paiallax  In 
latitude  and  longitude  on  a  spheroid,  is  the  following,  given  by    MAYEIU 
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Y4,  OK  PARALLAX, 

Ex.  If  the  latitude  on  the  spheioid  be  63°,  and  the  equatorial  parallax  be  56'; 
,   ,  what  are  the  reductions? 

The  reduction  of  the  paiallax  is  ll",5,  and  of  the  elevation  of  the  pole  it 
is  55";  hence,  the  reduced  latitude  is  62°,  59'.  5\  and  the  paiallax  55'.  48"35, 


CHAP.  VJI. 

ON  REFRACTION 


,N  a  lay  °f  bght  paSSCS  °Ut  of  a  vacuum  into  any  medmm 
m  m      °ne  °f    lCatei  densil'  ltls 


xte  '  o    evae 

wh  oh  ^^^^  the  •«>&»  of  the  mecUum  ^ 

where     eSer'  bf  hl^  g    ^^^ 

wnere  it  enters,  be  bent  towards  a  ladms  daawn  to  the  eaith's  center,  the  to 

of  t  IT  ±  beingSUPP°Sedrtobe  8P^ncal  and  concentnc  wift  i  center 
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altitudes,  and  then  give  the  investigation  of  the  rules  for  the  vanation  at  dif- 
feient  altitudes,  fiom  which  a  Table  for  the  Refi  action  at  all  altitudes  may  be 
constnicted. 

175.  First  method.     Take  the  altitude  of  the  sun,  01  a  stai  whose  right  as- 
cension and  decimation  aie  known,  and  note  the  time  by  the  clock,  obseive 
also  the  times  of  their  tiansits  ovei  the  mendian ,  then  find  (92)  the  hour  an- 
TIG.     gle,  hence  mthe  triangle  PZ#,  we  know  PZ  and  Px  the  complements  of  lati- 
8-      tude  and  decimation,  and  the  angle  &PZ,  to  find  the  side  Zx,  the  complement 
of  which  is  the  altitude,  the  diffeience  between  which  and  the  obscived  altitude 
is  the  refi  action  of  that  altitude. 

Ex.  On  May  1,  1738,  at  5Ji.  20'  in  the  morning,  CASSINI  obseived  the 
altitude  of  the  sun's  centei  at  Pans  to  be  5°.  O'.  14",  and  the  sun  passed  the 
meiichan  at  12&  0'.  0",  to  find  the  rcJGt  action,  the  latitude  being  48°.  50'.  10", 
and  the  declination  was  15°.  O'.  25".  The  sun's  distance  fioin  the  mendian  was 
6A.  40',  which,  gives  100°  foi  the  horn  angle  xPZ,  also,  PZ=41°.  9'.  50"  and 
P#=74°.  59',  35",  hence,  Zr=85°.  1C'.  8",  consequently  the  true  altitude  was 
4°,  49'.  52".  Now  to  5°.  0;.  14';,  the  appaient  altitude,  add  9"  for  the  parallax, 
and  we  have  5°.  0'.  23"  the  appaient  altitude  coirected  for  paiallax,  hence, 
5°.  0'.  23" -4°.  49'.  52"=  10'.  31"  the  left-action  at  the  apparent  altitude  5°. 
0'.  14", 

176.  Second  method.  Take  the  greatest  and  least  altitude  of  a  cucumpolar 
stai  which  passes  thiough,  or  very  neai,  the  zenith,  when  it  passes  the  mcuchan 
above  the  pole,  then  the  lefiacUon  being  nothing  in  the  zenith,  we  shall  have 
the  true  distance  of  the  star  fiom  the  pole  at  that  obsei ration,  the  altitude  ot 
the  pole  above  the  honzon  being  pieviously  delcimincd,  but  when  the  star 
passes  the  meridian  undei  the  pole,  we  shall  have  its  distance  affected  by  icfi ac- 
tion, and  the  difference  of  the  two  observed  distances  above  and  below  the  pole 
gives  the  refraction  at  the  apparent  altitude  below  the  pole, 

Ex.  M,  dc  la  CAILLE  obseived  at  Pans  a  stai  to  pass  the  mendian  within 
6'  of  the  zenith,  and  consequently  at  the  distance  of  41°.  4'  fiom  thc^pole, 
hence  it  must  pass  the  mendian  undei  the  pole  at  the  same  distance,  01  lit  the 
altitude  7°.  46',  but  the  obseived  altitude  at  that  time  was  7°.  52'.  25",  hence 
the  refraction  was  6'  25"  at  that  appaient  altitude. 

177,  Third  method.  M.  de  la  GRILLE  also  employed  observations  made  at 
Pans  and  at  the  Cape  of  Good  Hope,  m  older  to  a&ceilain  the  refraction.  The 
method  he  made  use  of  was  this:  The  distance  of  the  parallels  of  Pans  and  the 
Cape  was  found  to  bfeibout  82°.  46',  the  half  of  which  is  41°,  23',  therefore 
a  star  vertical  to  a  paSlel  in  the  middle  between  Pans  and  the  Cape,  must 
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be  at  the  zenith  distance  of  41°.  23'  fiom  each.    Now  the  sum  of  the  apparent 
zenith  distances  of  such  a  star  was  found  to  be  82°.  44'.  46",  which  theiefbre 
is  the  distance  of  Hie  two  paiallcls,  diminished  by  the  sum  of  the  two  refactions 
at  the  zenith  distance  41°  23',  for  refraction  elevating  a  star,  roust  make  the 
apparent  zenith  distance  of  each  star  leds  than  the  true  distance.    Next,  the 
apparent1  altitude  of  the  pole  at  the  Cape  was  observed  to  be  33°  56'.  4*9"  l 
and  the  altitude  at  Pans  to  be  48°.  52.  27",5,  the  sum  of  these  two  apparent 
altitudes  is  82°.  49'.  16",6  the  distance  of  the  paiallels  mciea&ed  by  tlic  sum 
of  the  two  redactions  conesponding  to  the  altitude  of  each  pole.    The  diffei- 
ence  of  these  two  determinations  is  4'.  S0",6  for  the  sura  of  the  four  refiac- 
tions.    Now  taking  the  i enaction  to  be  as  the  tangent  of  the  zenith  distance, 
(182),  he  found  the  tangents  of  41°.  23',  and  of  the  complement  of  the  altitudes 
of  the  two  poles,  and  divided  4'  30",6  into  four  paits  in  the  latio  of  these  tan, 
gents,  making  the  refiaction  a  foitieth  part  less  at  the  Cape  than  at  Pans,  as  he 
had  obseived  it,  hence,  he  got  *',  36",5  for  the  refraction  at  the  altitude  33° 
5tf  49",1  at  the  Cape,  and  58",2  at  the  altitude  48°.  52'.  27",5  at  Paiis;  also 
57",2  foi  the  icfidction  at  the  zenith  distance  41°.  23'  at  the  Cape,  and  58"  7 
for  the  lenaction  at  the  zenith  distance  41°.  23'  at  Pans.    The  altitudes  and 
zenith  distances  coriccted  by  these  lefiactions  give  82°.  46'.  42"  for  the  true 
distance  of  the  parallels  of  Paris  and  the  Cape. 

178.  Having  detei  mined  the  refaction  at  the  altitude  48°.  52'.  27",5  at  Pa- 
ris,  he  calculated  the  refiactions  from  that  altitude  up  to  the  zenith,  upon  sup- 
position  that  they  weie  as  the  tangents  of  the  zenith  distances,  and  hence  he 
knew  the  refractions  at  these  altitudes  at  the  Cape.    Therefore,  by  taking  the 
inendian  altitudes  of  stars  from  7°  to  48°  at  Pans,  and  the  corresponding  men- 
dun  altitudes  at  the  Cape,  and  correcting  these  latter  for  lefraction,  he  got  the 
lefiaction  from  7°  to  48°  at  Pans;  for  the  sum  of  the  two  true  zenith  distances 
was  82  .  46.  42",  theiefore  knowing  the  true  zenith  distance  at  the  Cape,  the 
Hue  zenith  distance  at  Pans  was  known,  the  diftbience  between  which  and  the 
appai  cut  zenith  distance  was  the  i  cfraction.     Thus  M.  do  la  CAIHE  formed  hu 

lable  of  refactions  His  method  was  veiy  ingenious ,  but  fiom  moic  accurate 
obsei vatiom  since  his  time,  it  appear,  that  his  reh  actions  ai  e  a  little  too  gieat. 

Una  Dr  MASKELYNE  has  clcaily  shown  in  the  Phi  Trans.  1787.  By  com- 
paring the  sum  of  the  two  apparent  zenith  distances  of  stars  obscived  at  a  low 
altitude  at  Pans,  and  consequently  at  an  high  altitude  at  the  Cape,  and  at  an 
high  altitude  at  Pans,  and  therefore  at  a  low  altitude  at  the  Cape,  he  found 
the  xefraction  at  the  Cape  to  be  a  fortieth  part  less  than  at  Pans. 

179.  Fourth  method.    Boscovicn  proposes  to  find  the  lefiaction  by  the  cir- 
cumpolai  stais,  only  by  knowing  its  vaiiaton  at  different  altitudes.    Let  sand 
«  be  the  apparent  meridian  zenith  distances  of  a  stai  below  and  above  the  pole 
*  ami*  the  lespeclavo  lefiactiona;  &  and  V  the  apparent  mendian  zemtli  dis-' 
lances  of  anothei  star  below  and  above  the  pole,  g  and  *'  the  Corresponding 
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iefi actions;  then  the  true  distance  will  be#H-«r,  of+a/,  andfr-j-*,  &'  +  *',  and 
as  the  distance  of  the  pole  fiorn  the  zenith  is  equal  to  half  the  sum  of  the 
greatest  and  least  tiue  zenith  distances,  a  +  x  +  d -\-af- b+z  +  V -+%',  hence, 
(J)  #+y— #-*'=#  +  *'— *-<*'.  Now  taking,  at  fiist,  the  refractions  to  be 
as  the  tangent  of  the  zenith  distances,  (182),  we  have  tan*  a  tan.  d  &  :  $  — 

A;  fox  the  same  ieaSon*=l^   %>  =«  *  ta*'  *.   subsfatute  these  into 

//  tmn.     //,     "  4*0  v*     /•¥ 


tan. 


tan*  a 


tan* 


the  equation 


and  we  get  gs=    + 

tan.  4  4-  tan.  0  '-tan.  &-tan, 


h 


the  other  refractions  are  known.  But  as  the  refractions  vary  more  accurately 
as  the  tangent  of  the  zenith  distance  diminished  by  three  times  the  refrac- 
tion, put  a—  S<?=:w,  d  —  3d=w!9  b  —  3z=Ln,  b'  —  3a/=ri9  and  we  have  «r= 

C0irect  refi  action  atthe 


a;  hence  we  know  <a/=? 


n  —  tan.  n 
#  tan.  m 


x  tan*  n 


tan. 


-,     , 
and  ^ 


tan. 


The  opera- 


tan,  r* 

tion  may  be  shortened,  by  taking  S«r,,  S#,  8#,  3*'  from  the  common  Tables. 
As  #-i-<r,  d +#',  aie  the  true  zenith  distances  of  one  of  the  stars  below  and 
above  the  pole,  the  true  zenith  distance  of  the  pole  will  be  one  half*  of 
a+x  +  d  +•*/,  which  is  the  complement  of  the  latitude  of  the  place. 

Ex.  The  apparent  zenith  distance  of  ^  Draconis  below  and  above  the  polo 
was  obseived  to  be  69°.  5'.  2",4<  and  13°.  8'.  27",2;  and  of  0  Una  minons  53°. 
$<  57",2  and  29°.  ll'.  23",2 ;  to  find  the  coiresponding  refractions,  and  the 
latitude  of  the  place. 
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a  =  69°.     5 
a'  =  IS.     8 

£'=.29.  11 

'.     2",4 
.  27,2 
*  57,2 
.  23,2 

tan.  a  =  2,616 
tan.  a!  =  O,283 

2,849 

tan.  b  =  1  ,329 
tan.  i'  =s  0,558 

1,887 
e'=O,962 

-^52y/,807 
c 

#=±=52,  807X2,616=  188"jB 

^'r—  :  52    807X02^3  —     IS    3 

a  +  a'  SE  82.  13 
£  +  &'  z±  82,  14 

.  29,6 
.  20,4 

*  =  52,  807  x  1  ,329  ==    70,  2 
z'—  52,  807  x  0,558  =s    29,  5 

c  =   0.     0 

,   50,8 

d  rs  69  ,     5.     2  ,4 
Stf  ==    0  .     6.  54,  6 

d—  13°.      8',  27",2      b  =  53°.     2',  57/y,2 
8o/=   0.     0.  36,  9   3s;  =    0.     3.  30,6 

b  =  296.   11'.  23",2 
3^'  -     0  .     1  ,  28,  5 

m  =  68  .  58.     7,  8 

0if  =  13  .     7  .  50,  3     n  =  52  .  59,  26,  6 

n'  ss  29  *     9.  54,7 

tan.  m  =  2,6009 
tan.  ro'  =  0,2338 

c 
c 

tf 

# 

=  58",5( 

)5 

)5  x  2^6009  riisg7', 
5  X  0.2333  -    12. 

5 

tf-ffl'      - 

a  4-  a'  +  a? 

=  82Q.  18'.  SS'^S 

—     o         o     01     >«T 

—  _u-     -tf-  »1,  7 

2,8342 

7  =  53,  50 

-»-^  =  82.   16.     1,  3 

41.     8.     0,  6 
90.     0.     0 

tan.w  =  1,3266 
tan.  n  -  0,5581 

Refraction  at  zenith  clist*  69°. 
5'.  2",4  is  139",2;  at  zenith  dist 
13°.  8',  27^2  is  IV?  95. 

1,8847 

-Lat.  of  Place    48.  51,  59,  4 

c'  =  0,9495 

We  may  get  the  correct  ie- 
.fractions  s,  si  in  like  manner. 

180.  Fifth  method  Dr.  MASKELYNE  informs  us  in  the  Phil  Trans.  1787, 
that  Dr.  BRADLEY  found  his  reflections  in  the  following  manner.  He  observed 
the  pole  star,  and  other  circumpolar  stars,  above  and  below  the  pole,  and  fioni 
thence  deduced  the  apparent  zenith  distance  of  the  pole.  By  the  apparent  and 
equal  zenith  distances  of  the  sun  at  the  two  equinoxes,  having  at  the  same  time 
opposite  right  ascensions,  as  found  by  comparing  (118)  its  observed  tiansits 
ovei  the  mendian  with  those  of  fixed  stais,  he  found  the  appaicnt  zenith 
distance  of  the  equator,  which  diminished  by  parallax  and  added  to  the  appa- 
rent zenith  distance  of  the  pole,  gave  a  sum  less  than  90°  by  the  sum  of  the 
two  refiactions  belonging  to  the  pole  and  meridian  altitude  of  the  equator*, 
Now  he  obseived,  that  the  difference  of  the  refractions  at  these  altitudes  came 
out  within  $  or  3",  flora  the  best  Tables  then  extant,  whether  deduced  solely 
from  observations,  or  partly  from  observation  and  partly  from  theory.  Hence, 
knowing  the  sum  and  difference  of  the  refractions,  he  knew  the  refraction  at 
each  altitude-  He  afterwaids  more  accurately  divided  the  sum  of  the  two 
refractions,  by  taking  the  parts  in  proportion  to  the  tangents  of  the  zenith 

*  For  the  bum  of  the  two  true  zenith  disUnces=90°?  but  the  true  di&tarice  of  each  is  diminished  by 
refraction,  and  therefoie  the  &um  (after  the  correction  for  parallax)  mubtbe  leas  than  90°  by  the  sum 
of  the  two  infractions 
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distances.  The  apparent  zenith  distance  of  the  equator,  by  the  mean  of  20 
observations  in  1746-4-7  he  found  to  be  51°.  27'.  28"  ,  and  the  mean  appaient 
zenith  distance  of  the  pole,  by  observations  made  between  1750-.52,  was 
38*.  SO'.  35"  ;  the  sum  of  which  being  89°.  58'.  3"  the  sum  of  the  two  reii  actions 
is  l'.  57",  consequently  the  polai  refraction  is  4*5$\  and  the  equatonal  l'.  11  ^"5 
therefoiethe  latitude  of  Greenwich  Observatory  is  51°.  28'.  39£".  Dr.  BKADLEY 
here  supposed  the  sun's  horizontal  parallax  to  he  10i",  hut  Dr.  MASKELYNE 
observes,  that  had  he  taken  it  8f,  as  determined  fiom  the  two  last  transits  of 
Venm  over  the  sun,  the  infraction  at  45°,  which  he  fixed  at  57",  would  have 
come  out  56i",  and  the  latitude  of  the  Obseivatory  51°.  28'.  40",  Dr.  BRADLEY 
having  thus  settled  the  refraction  at  the  altitude  of  the  equator  and  pole,  could 
calculate  the  lefraction  at  all  higher  altitudes,  or  for  all  stars  between  the 
equatoi  and  pole,  by  taking  it  as  the  tangent  of  the  zenith  distances,  which 
would  be  very  accuiate  for  all  such  altitudes.  Hence,  by  taking  the  altitudes 
of  the  cucumpolar  stars  above  and  below  the  pole,  and  knowing  the  refraction 
above,  he  immediately  got  the  refraction  at  the  lowei  altitudes  ;  for  knowing 
the  refraction  at  the  altitude  above  the  pole,  he  knew  the  true  altitude  above, 
and  knowing  the  altitude  of  the  pole  he  got  the  true  distance  of  the  star  from 
the  pole,  which  subtiacted  from  the  altitude  of  the  pole,  gave  the  true  altitude 
below,  the  diflfeiewce  between  which  and  the  apparent  altitude  was  the  refrac- 
tion. When  the  weight  and  temperature  of  the  au  lernain  the  same,  the  Dr. 
,  found  that  tbe  refraction  varied  as  the  tangent  of  the  zenith  distance  diminished 
by  three  times  the  lefiaction  found  by  the  common  Rule  ;  and  having  fixed  the 
refraction  at  45°  (whose  tangent,  if  radius  =  1,  is  unity)  to  be  57",  if  r  =  the 
refraction  in  the  Tables,  z  =  the  apparent  zenith  distance,  he  got  this  pro- 
poition,  r  :  57"  Ian.  z  —  3r:  1.*  And  by  comparing  the  refractions  m  different 
temperatures  of  the  air*  and  at  different  altitudes  of  the  barometer,  he  inferred 
the  following  elegant  Rule  for  determumig  the  refraction  at  all  altitudes  :  Put 
azz  the  altitude  of  £he  barometer  In  inches,  &6=  the  altitude  of  FAHRENHEIT'S 
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thermometer,  thea  the  true  refraction  :  57"  ::  —  -  x  tan.  T^r  .    ^  .....  ,  The 

very  near  agreement  of  this  Rule  with  that  given  by  MAYER,  and  then  agree- 
ment with  observations,  aie  a  strong  confiiraation  of  the  accuiacy  of  each. 

*  The  application  of  tins  Rule  to  find  the  infraction  at  all  altitudes  is  thus  Let  (he  apparent 
jfcentth  distance  be  z,  them  the  refraction  will  be  nearly  5?"  xtan  z,  which  put=r,  and  the  correct 
mean  teftraction  will  "be  577xten  &  —  $r  If  at  very  lo\r  altitudes  it  should  be  icquired  to  have 
the  refraction  more  Correctly,  put  57"  xtan.  2  —  Srrni1,  and  the  refraction  becomes  57"  X  tan, 
%  —  3/  Let  the  refraction  at  the  apparent  zenith  distance  70°  be  required  The  tangent  of  70° 
is  2,747,  hence  57"  x  2,747=3"  36'>,6,  which  multiplied  by  3  and  subtracted  from  70°  give*,  69° 
52'  10",  the  tang-eat  of  which  is  2,728  ,  therefore  57"  X  2,728  =  2'  35",5  the  mean  refraction  ftt  the 
Apparent  zenith  distance  70*  In  this  mannu  Table  XI  \vas  calculated 

3  * 


ON  REFRACTION. 

Tins  coriection  for  the  barometer  and  thermometei  may  be  immediately  found 
fiom  Table  XII*— The  Instrument  invented  by  Mr.  RAMSDEK,  called  a  Circular 
Instrument  (for  a  description  of  which  see  my  Treatise  on  Practical  Astronomy') 
is  admirably  calculated  to  determine  the  quantity  of  refraction  at  all  altitul«s; 
for  by  taking  the  altitude  and  azimuth  of  a  body  whose  declination  is  known 
the  true  altitude  may  be  immediately  computed  from  the  latitude  of  the  place! 
declination  of  the  body,  and  obseived  azimuth ,  hence,  the  difleience  between 
the  observed  and  computed  altitudes  gives  the  refaction  at  that  apparent 
altitude 

181.  &g&n*to>&  From  Dr.  BRADLEY'S  observations  of  the  zemth  distances 
of  the  polju  star  above  and  below  the  pole,  and  the  zenith  distance  of  Capella 
south  of  the  zenith  and  below  the  pole,  to  find  the  mean  refraction  at  45°,  the 
barometer  being  at  29,6  inches,  and  the  thermometer  at  50°,  also  the 
mean  declinations  of  the  pole  stai  and  Capella,  and  the  latitude  of  the  place. 
Let  Z  be  the  zenith,  P  the  apparent  place  of  the  pole,  Cthe  appaient  place 
of  Capella  south  of  the  zenith,  c  that  below  the  pole.  Let  the  lefiaction 
at  C  (computed  by  Dr.  BRADLEY'S  Rule)  =  C,  at  P  =P,  and  at  c= c  and  r, 
let  the  true  redactions  at  these  places  be  icspectively  nC,nP  nc  or  to 
those  computed  by  Dr.  BRADLEY'S  Rule,  in  the  ratio  of  ».  I.  'Then 
the  true  polai  distance  of  Capella  fiom  the  observation  above  the  pole  =ZC 

0     '    But  as  ZP>  the  appaient  zenith  distance  of  the  pole, 
cannot  be  observed  du-ectly,  let  ZQ  be  the  apparent  zenith  distance  of  the   j 
pole  star  above  the  pole,  and  Z8  that  below,  and  n  Q,  n  S,  the  respective 
refactions,  tiien^ZQ+ZS)   +*(»«  +  «-?)   =  co-latitude ;  but  this  quantity 
added  to  the  true  zenith  distance  of  Capella  south  of  the  zenith = true  distance 
of  Capella  below  the  pole,  lessened  by  the  same  quantity;  hence, 
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ff     r 

—  the  ratl°  ot  the 


to  Di.  BRADLEY'S  lefiaction. 
If  a  numbei  of  zenith  distances  of  the  pole  stai  above  and  below  the  pole  be 
obseived,  and  also  of  Capella  south  of  the  zenith  and  below  the  pole,  and  their 
refiactions  be  computed  by  Dr.  BHADLEY'S  Rule,  the  mean  of  each  being  taken 
we  shall  obtain  n  moie  accuiately.   For  example :  * 


ZCmean  of  25=  5°.  45'.  S8",4 
ZQ  94=:  36.  28.  22,23 

ZS  109=:  40.  32.  50,65 


Sum           -          =~82.  48.  51,28 

Zc  mean  of  44=  82.  41.  25,14 

Dif.         -            a=  5.  '26,14 

VOL.  I.  "~~" 


C  mean  of  25=0',    5",78 
Q  94=0.   42,6 

S  109=0.   48,64 


Sum     -         -  =1. 
c  mean  of  44=6. 

Dlf.          .         as  A 


37,02 
58,48 


21,46 
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5   26  14* 
Hence,  fl=-—01'=  1.01456,  winch  multiplied  by  57"  Dr.   BRADLLY'S  re- 

5      <u  1  jTbt) 

fiaction  at  45°  gives  57",83  theconccted  icfiaction* 

Or  n  maybe  found  thus:  Let  the  observed  zenith  distances  of  two  ciicum- 
polar  stais  above  and  below  the  pole,  when  corrected  foi  the  equations  of  the 
stars  to  i  educe  them  to  then  mean  place,  and  reduced  by  precession  to  the 
same  epoch,  be  A,  J3,  and  C,  D,  the  foimer,  that  neaicst  the  pole  ,  and  the 
conespoading  computed  refi  actions  by  Dr.  BiUDLLYVRuIe,  be  #,  £>,  and  cy  d  , 
then  double  the  co-latitude  will  beA+a  +  B  +  b  and  C  +  c  +  D  +  d  ,  but  calling 
the  collected  icfractions  net,  nb^  nc,  nd9  we  then  have  A  +na  H-  B  +  nb=C  +  nc 

,      7>     ,  y  ,  A+B-C-I). 

•hZJ+wa,  and  72=  -  ,  -  , 
c+d~a—b 

Let  one  of  the  stais  be  the  sun,  andC,  D  its  obseived  zenith  distance,  at  the 
summer  and  wmtei  solstice,  conccted  by  its  paiallax,  equation  of  obliquity, 
and  reduced  by  its  giadual  diminution  to  the  same  epoch  as  for  the  star;  then 
the  double  latitude  for  the  sun=:C-f  nc  +  D+wrf,  and  co-latitude  for  the  stai 
s=A+na-*-B+nb,  hence,  A  +  wa  +  J3<+  nb  +  C+nc  f  D  +«d==l80%  and  n= 


.  -    .  i     -n    M 

»      -       these  methods  were  given  by  Dr.  MASKELYNE. 

Having  thus  explained  the  practical  methods  of  finding  the  xefiaction,  we 
proceed  to  investigate  its  laws. 

FIG.          182,  Let  ACn  be  the  angle  of  incidence,  JCtothe  angle  of  i  efraction,  and 

34.      consequently  wC?i  the  quantity  of  lefiactionj  let  AT  be  the  tangent  of  Am, 

mv  its  sine,  mo  the  sine  of  An,  and  diaw  rm  paiallel  to  tw/  then  as  the  ic- 

iraction  m  an  is,  veiy  small,  we  mqy  considei  mrn  as  arectiliaear  triangle,  and 

/i  ivyt    xy  tv  VJ 

hence,  by  similar  tnangles,  Cv  :  Cm*  rn  .  »m=  —  ^  —  ,  but  Cm  is  constant, 

and  as  the  ratio  of  wo  to  nw  is  constant  by  the  laws  of  refraction,  their  diffe- 

wvo  Cm  x  *fti*Q 

lence  rn  must  vaxy  as  rm  ,  hence,  nn  vaues  as^j  ,  but  A  T=  —  ^  —  which  va^ 

lies  as^r-,  because  Owis  constant;  hence,  the  icfraction  ??2n  vanes  as^T,  the 

tangent  of  the  appaient  zenith  distance  of  the  stai,  because  the'  angle  of  icfi  ac- 
tion AQn  is  the  angle  between  the  refiacted  ray  and  the  perpendiculai  to  the 
surface  of  the  medium,  which  peipendicularis  dnected  to  the  zenith.  Whilst 
therefore  the  lefiaction  is  veiy  small,  so  that  rmn  may  be  con-sideied  as  a  iccti- 
hnear  triangle,  this  Rule  will  be  sufficiently  accurate;  otherwise  we  must  use 
Dr.  BRABLEY'S  Rule,  the  dcmorastiation  of  which  is  given  by  Boscoviciiin 
his  Works,  Vol  II.  burt  one  of  the  principles,  that  the  force  with  which  the  lay 
is  attiacted  in  passing  through  the  air  may  be  considered  as  uniform,  is  taken 
fiom  Mu  SIMPSONS  Solution  in  his  Mathematical  Disseitations,  We  shall 
therefore  fijst  give  his  reasons*  for  this  supposition.  After  constructing  his 
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Table  of  icfraclion,  he  observes,  that  the  only  material  objection  \vhich  it  is 
liable  to  is,  its  being  founded  upon  supposition,  that  the  density  of  the  aii  cle- 
ci eases  umfoimly,  \vhich  appeals  contiaiy  to  experiment,  whoicby  it  is  pioved, 
that  the  density  of  the  an  dccieases  as  the  compressing  fbicc  decreases:  But 
though  this  is  true  in  air  of  the  same  tempeiatuie,  yet  it  cannot  be  supposed  to 
hold  true  in  the  earth's  atmospheie,  since  the  uppei  region  thereof  is  known 
to  be  much  colder,  and  consequently  the  elasticity  thcie  is  much  less  than  at 
the  earth's  suiface:  But  a  convincing  pi  oof  that  this  law  of  density  cannot 
obtain  in  oui  atmospheie  is,  that  the  mean  houzontaliefraction  computed  fioiu 
it,  accoiding  to  the  known  lefiactivc  power  and  specific  gravity  of  the  air,  "sull 
be  found  to  come  out  no  less  than  52',  which  is  gi  eater  by  about  \  of  a  degree 
than  it  ought  to  be,  it  being  only  33' j  wheieas,  if  the  same  refraction  be 
calculated  upon  the  hypothesis  of  the  density  decicasing  umfoimly,  and  com- 
pared with  observations,  the  difference  will  be  much  less.  This  latter  hypo- 
thesis willtherefoie  be&t  correspond  to  the  state  of  our  atmosphere. 

183.  Let  us  therefore  suppose  the  atmospheie  to  be  divided  into  an  infinite1 
numbei  of  lamina  concentnc  with  the  centci  of  the  caith,  and  of  an  equal 
thickness,  then  the  density  of  these  lamina  is  supposed  to  deciease  uniformly, 
for  the  reasons  above  given,  and  thciefoie  the  differ  encc  of  the  densities  is  con- 
stant.    Bitt  when  a  ray  of  light  passes  out  of  one  medium  into  another,  li  is 
attiacted  by  a  force  which  depends  on  the  difference  of  then  densities,  and 
therefore  when  the  difference  is  constant  the  force  is  constant.     Hence,  a  ray 
of  light  descending  through  the  atmospheie  may  be  supposed  to  be  attracted 
by  it  in  a  diiection  perpendicular  to  the  suiface  of  tlje  earth  by  it  constant 
foice. 

184.  Let  C  be  the  center  of  the  earth,  AM  its  smfacc,  ZF the  top  of  the 
atmospheie,  FA  the  passage  of  the  lay ;  diaw  the  tangents  SFH9  I  AC*  cutting 
each  othei  m  7,  and  let  CH,  CG  be  drawn  peipcmlicular  to  them,  ami  AL 
parallel  to  CF.     Now  the  state  of  the  atmospheie  remaining  the  same,  the 
sine  of  incidence  is  to  the  sine  of  lefiaction  for  each  lamina  in  a  given  ratio, 
theiefore  by  composition,  the  sine  of  incidence  CFH  at  F  ^  to  the  sine  of  re- 

fiaction  CAG  at  A  m  a  given  ratio.  Hence,  if  iadius=  l,  ^  and  ^  will  be 
these  respective  sines,  but  the  velocities  at  F  and  A  are  as  CG  to  C7/,  winch 
assume  as  1  to  1  +  J ,  and  if  7l/fee,  C3f=l,  gf  g*  :\^:1 ;  put  m 

=T+V  a  —  ™Sl(>  C^G>  and  tlicn  1  :  m  *  sin.  a  .  sin.  CJ?II=m  x  sin.  a.    Lot 
d?  =  angle  ACF,  r  =  angle  Gill  of  xefraction.     In  the  quadnlateral  %mc 
CAIF,  the  angle  ACf  +  IFC=Ahc  sum  of  the  external*  angles  Gill  +  CA(* 
because  FJA+CAI  added  to  each  would  make  the  sum  equal  to  four  ugh! 
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angles;  hence,  XFC  or  CFH=  CAG-  ACF  +  GJH,  that  is,  wxsm. 
fl_tf-7",  therefore  l    w  sin.  a  :  sin.  a-x-r;  but  by  plain  trigonometry, 
the  sum  of  the  sines  of  two  angles    their  difference  •  tan.  of  half  the  sum  of 
the  angles  :  tan.  of  half  ihen  difference  ;  hence,  1  +  m  :  l—nr:  tan.  a  -^.x—r 
:  tan.  fyaT-r,  and  as  this  ratio  is  constant,  the  tan.  a—  £-*—  r  vanes  as  the  tan. 
£.J^r;  but  as  the  difference  between  x  and  r  must  be  very  small,  the  tangent 
of  £.#^r  may  be  considered  as  equal  to  the  angle  itself  \-x-r;  also,  a  is  the 
apparent  zenith  distance  j  hence,  the  angle  \.x—r  vanes  as  the  tangent  of  the 
apparent  zenith  distance  diminished  by  £.*—  r.    If  therefore  the  latio  of  a:  to  r 
be  constant,  then  aw,  and  consequently  r  itself,  will  vaiy  as  the  tangent  of 
the  zenith  distance  diminished  by  some  multiple  off,  foi  if  dr=x,  then  x—  r= 
dr  —  r-d—l  xr;  let  therefore  1  +w  •  1—  wtan.   a  —  4«r  .  tan,  j  wr,  and 
then  the  refraction  r  vaiies  as  tan  a-*  w.     On  this  supposition  \.x—  7=4 
nr,  or  «—  r=nr.     That  x  is  to  rin  a  constant  ratio  may  be  thus  pioved. 

185.  Let  us  conceive  AF  to  be  an  "indefinitely  small  part  of  the  whole 
cmve,  taken  any  -where,  and  AL  (which  is  drawn  parallel  to  JTC)  is  the  sagitta 
of  the  curve.  Put  t>=the  velocity  through  F4,  f=  the  time,  *:=.C!F,  z=FM, 
.r=the  angle  FCA,  r  =  the  angle  GZH,/=the  force  in  the  dnection  FC. 
Now  from  the  piinciples  of  Mechanics,  AF=vi,  and  the  sagitta  LA=$x=Jf  ; 
hence,  the  tangent  AZ(vibuh=k4F)=$vi,  also,  as  the  arc  vanes  as  the 
angle  multiplied  into  the  radius,  AM=x*9  and  the  sine  of  A  LI  01  CFL 

AM    zi'  •      '      ^lt> 

-—;  but  AI  .AL"  sin.  ALI  :  sin.  AIL,  that  is,  Ivt  ff   '—   :  sm. 


Now  if  we  consader  the  velocity  and  distance  from 
the  center  as  having  but  a  very  small  variation,  and  jf  to  be  constant  (183), 

ve  tnay  considei  -  as  constant,  and  consequently  r  vaiies  as  j,  therefore  r 
*P 

vaiies  as#  when  JJ^isfinite*    Hence  (184),  r  vanes  as  the  tan.  a  —  Im. 

186.  Because  1  +m  .  l-w:*tan,  a-bnr  :  tan.  %nr*  (by  trig)  sin.  a  + 
sin.  a  —  nr  sin.  «  —  sm.  a  —  nr,  hence,  mx  sin.  0=sin.  <x  —  wr=  (by  trig.)  sin- 
tfxcos  wr  —  sin.  wrx  cos.  a  =  (because  wr  being  a  very  small  arc  its  cos.=: 
yi—flY*,  rr  i  _  ^v,  and  the  sine  =  arc  very  nearly)  sm.  a  —  sm.  a  x  JnV— 
flr  x  cos.  ^  awd  hy  dividing  by  sm.  a,  we  have  wz  =  1  —  J-  wV*  -  w  x  cot-  «.  Now 
let  a  be  any  othei  apparent  zenith  distance,  and  r'  the  refraction,  then,  foi  the 
same  reason,  m=.  1  —  Jr»V*  —  wr'  x  cot.  «';  make  these  values  of  m  equal,  and:  we 

x  oaU  CQt<  a.     Now  by  Dr.  BBADJLEY'S  observations,  if  « 


=  60°,  r=lf.  a8",4}  and  if  a=90°,  r^S^^hence^  j-  7^2^99$^  he  therefore 
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Assumes  ^  =  3;  the  refraction  therefore  vanes  as  the  tang.  a—Sr,  that  is,  the 
refraction  vanes  as  the  tangent  oftfie  apparent  zenith  distance  diminished  by  three 
times  the  refraction.  SIMPSON  makes  ?n=5,5,  GASSING  6,452  and  BOUGUER 
=  6,645.  But  Dr.  BRADLEY*  s  value  is  most  to  be  depended  upon,  as  best 
agieeing  with  observations,  which  we  shall  theiefoie  follow. 

187-  Because  m—  1  —  £?iV  —  nr  x  cot.  #,  theiefore,  as  £  nV  is  very  small  in 
respect  to  the  other  terms,  m~  1  —  nr  x  cot.  a  ;  hence,  1  —m^nr  x  cot,  a.  For 
the  horizontal  lefiaction,  ^z=90%  r  =  33';  theiefore  m=l—  J  wV=cos.  nr  f 
hence,  if  n  =  6,  we  have  w=  cos.  6r=cos.  3'.  !8/f  =0,9983.  Hence  also  (184), 
#—  rrrwr  =  6r,  accoidmg  to  Di.  BRADLEY,  theiefore  o?=7r9  or  the  angle 
which  the  refracted  ray  subtends  at  the  center  of  the  eaith  =  7  times  the  lefi  ac- 
tion. 

188.  Join  07,  and  let  the  angle  ACI~y^  then  CIA  or  CJ<jr=tf—y,  CIH 
~a  —  y  +  r,  and  their  sines  aie  as  the  peipendiculars  CC?,  C/7,  which  aie  in. 
yeraely  as  the  velocities  at  A  and  JF,  01  as  1  1  4  b  ,  hence,  i  +  A  x  sin. 


=  sin.  a—  #  +  /•:=  sin.  #  —  ?/  x  cos.  r-f  sin.  r  xcos.  <i—y—  (because  r  being  veiy 
small  its  COS.=L!,  and  it's  sme=r)  sin,  a—  y  +  r  xcos.  IT^y  ;  hence,  1  +  & 
=  1  +r  x  cot.  a—  #,  and  b—rx  cot,  0—  #.  But  if  we  make  a  approach  to  90°, 
y  will  be  veiy  small  when  compared  with  a,  therefore  5=r  x  cot.  a.  If  0  =  60% 
then  r=sl'.  S8",4  according  to  Dr.  BRADLEY;  hence,  b=r  x  cot  dmsin. 
rxcot  a  =  O30002755  ;  theiefore  the  sine  of  incidence  out  of  a  vacuum  into 
air  at  the  mean  density  at  the  earth's  surface  is  ta  the  sine  of  lefraction  as 
l,00027££  :  1.  Mi.  HAUKSBEE  makes  it  as  1.000264  :  1  by  experiment.  As 
b=  rxcot.  a,  therefore  6b  =  6r  xcot.a  =  l—  m  from  the  last  Article  j  hence, 

b=l^m 

6    - 

189.  Having  deteiaiiaed  the  values  of  b  and  m,  we  get,  from  the  equation 

1+*          ,,        T       c       1-w  +  i      ,     7     l-m\7-7w 

—  :=™,  the  value  of  (?=—w-  =  (as  6  =—g-]-^p=  o,00  1945^  parts  of 

the  eaith's  iadms  =  77525  miles,  the  altitude  above  the  eaith's  surface  at  which 
the  an  begins  to  have  any  sensible  effect  on  the  rays  of  light  to  refiact  them. 

190.  The  refraction  vaues  as  the  tan*  a  —  Sr  at  any  altitude  above  the  earth's 
smface  ;  for  the  proof  remains  the  same  for  whatever  part  of  the  ctuve  you  take 
from  the  top  of  the  atmosphere.     Hence  we  may  find  the  refraction  at  any  alti* 
tude,  by  making  e  denote  its  distance  fiom  the  top  of  the  atmosphere  ^  for  by 

Y 
the  last  Article  ^=7  +  6<?=(by  division,  and  neglecting  all  the  powcis  of  e 


e 
above  the  first  cm  accouxrt;  of  their  smallness)  1  —  —=(187)  cos*  Qr  ,  hence,  the 

cos.  of  6r  being  known,  6r,  and  consequently  r  itself,  the  horizontal  refraction 
in  this  case,  will  be  known,  and  hence  the  refraction  at  any  other  altitude* 
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191.  As  (186)  mx  sin-  0=sm.  a  —  6r,  according  to  Di.  BRADLEY,  putpr: 
tlie  complement  of  a,  and  let  ?#xcos.  jp^cos.  q,  then  cos.  q~m  xcos.  p=z 
in  x  sin.  a— sin  a  —  6r  =  (as  ^  =  90°—^)  sm.  90° — j? — br  —  cos.  p  +  6r,  hence, 

Q  ~~~  IP 

p+6r  —  q,  therefoie  r— --7;— .     This  expiession  is  accommodated  to  find   the 

refi  action  below  the  horizon,  when  the  observer  is  elevated  above  it,  by  making 
p  negative.  Hence,  the  refraction  below  the  hoiizon  increases  veiy  fast,  r 
being  expressed  by  the  sum  of  p  and  q. 

192.  In  the  horizon,  cos.  6r  =  1 — -y,  therefore  —  —  i  —  cos.   6r = ver.  sin,  6r 

=  l&r*  by  the  property  of  the  circle;  consequently  the  horizontal  refi  action 
r  vanes  as  the  squat  e  root  of  e.  Hence,  if  h  be  the  altitude  of  the  atmosphere, 
we  know  the  horizontal  lefiaction  zfi  any  altitude  h  —  e  above  tlie  horizon,  for 
it  will  be  to  the  houzontal  icfraction  on  the  eaith's  suiface  as  </e  </h.  The 
horizontal  lefraction  therefoie  being  known,  the  lefraction  at  any  other  altitude 
will  be  known. 

193.  Upon  the  same  punciples,  we  have  a  very  elegant  method  of  finding 
the  radius  of  cuivatuie  to  the  curve  which  the  ray  describes.     Let  AF  be  an 
indefinitely  small  pait  of  the  curve  adjacent  to  A  the  surface  of  the  earth,  and 
conceive  AZ7  to  be  a  circle  of  curvature,  0  its  center,  and  QOK  peipendi- 
cular  to  AF,  which  theiefore  must  bisect  AV*     Then  the  angle  AIE-FOA 
=  2FVA=FKA,  but  (187)  1AIE=FCA,  tlieiefoie  1FKA=FCA,  hence, 
AK=*7ACths  radius  of  the  eaith*  and  theiefbie  is  a  constant  quantity  for  all 
angles  IAJE.     Hence,  the  center  of  the  circle  of  cuivaturc  is  always  in  the  hue 

By  trig  AO    AK.  lad.  —  1     sm.  AOK  01  IAE ;  hence,  A0=- 


as  ^i*  constant,  the  ladius  of  curvature  vanes  inversely  as 

the  sine  of  the  apparent  zenith  distance.  Hence,  foi  horizontal  lefractions,  the 
radius  of  cuivature  is  equal  to  7  tunes  the  radius  of  the  eaith.  This  agrees 
with  the  conclusions  deduced  by  J  H.  LAMBERT  in  his  very  elegant  Tiealise 
entitled,  Les  Proprieties  rcmarquables  de  la  Route  de  la  Lurnihe  par  les  Airs, 
which  he  has  applied  with  so  much  success  to  tenestnal  redactions,  and  which 
we  shall  now  proceed  to  considci. 

19*.  Suppose  MFto  be  any  object,  and  FA  the  curve  described  by  a  ray  of 
light  coming  from  Fto  A  y  then  for  so  small  a  distance  we  may  suppose  FA  to 

7-4C 

be  circular*    Let  7w=sm.  FAE,  then  A0=z is  known.    Now  the  effect 

of  refiaction  in  alteimg  the  appaient  altitude  is  the  angle  between^/ and  the 
choid  diawn  to  the  arc  FA ,  foi  the  latter  is  the  direction  in  winch  F  would  be 
seen  if  there  weie  no  refraction,  and  the  former  if  seen  by  lefiaction,  but  this 
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angle  between  the  choid  and  tangent  must  be  equal  to  ^FOA~  —  -  ,  bat 


and  ^40  =  -  —  ,  hence,  the  refraction  =  ^^.=_L  Of  the  angle  ACM. 
m  14AC     14 

Hence,  any  point  situated  m  the  line  MF9  and  seen  at  A>  has  the  sameie- 
fiaction,  for  it  is  independent  of  the  altitude  M.  F;  consequently  any  object 
situated  m  a  line  petpendiculai  to  the  eaith  will  not  have  its  apparent  length 
alteied  by  refraction,  because  each  end  will  appeal  equally  elevated  by  it. 
Hence  also,  the  tcnestnal  leftaction  vaues  as  the  distance  AM.  If  theiefore 
MFbe  a  mountain,  and  we  want  to  find  the  altitude  fiorn  the  given  distance 
AMy  and  the  appaient  angle  of  elevation  MAI*  we  must  first  coriect  this  an- 
gle by  subtiactmg  fiom  it  -j~  of  ACM. 

195*  Hence  we  may  readily  find  the  distance  at  which  an  object  of  a  given 
altitude  whose  top  is  depressed  below  the  honzon,  may  be  seen  by  refiaction, 
For  take  AK  =  *7AC,  and  with  the  center  A"  descube  the  ciicle  Ar,  and  the 
pomtr  will  be  seen  by  refiaction;  diaw  $rvC9  and  Av  is  the  distance  at  which  37 
an  object  tr  is  visible  ,  diaw  also  the  tangent  Ax*  Now  the  angles  ACv9  AKr 
being  very  small,  and  the  aics  Av,  Ar  veiy  nearly  equal,  sr  :  so.  AC  .  AK 

I  ,7,  and  w  :  wr  6  :  7,  therefore  $v=—  ,  but  so  =  —  ,  the  radius  of  the 

6  2 

eaith  being  unity,    thciefore  —     ==     r,   consequently  Av-^/l4sVr      /Ivr. 

26  63 

Hence,  the  distance  at  which  an  object  can  be  seen,  vaues  as  the  square  loot 
of  its  altitude. 

196.  If  yw  be  perpendicular  to  the  surface  of  the  earth  and  equal  to  >vry  the 
object  tor  can  be  seen  at  y  without  refiaction  j  but  y&  nrw—  .4?*.    hence? 


,  therefore  the  distance  at  which  an  object  can  be  seen  by  refraction  : 
distance  at  which  it  could  be  seen  without  refiaction  : 


/  — 

^  which  is  neaily  as  14  .  13. 
197.  An  eye  at  r  sees  A  m  the  direction  of  the  tangent  at  r9  and  therefoie 
it  appeals  below  the  horizon  at  t>  by  the  angle  foimed  by  the  two  tangents  to 

r  and  u,  or  by  the  angle  CrK.     Now  (195)  Av,  or  the  angle  A0v9  —^/^ 

s 
and  Kr    CK(  .7     6)  .  sin.  rCK  or  rCA    sin.  CrK  :  (on  account  of  the  small- 


nebs  of  these  angles)  ?CA,  oi^/  ^Ly    CrK=^/  l^r  the  depression  of  the 

point  A  below  the  horizon.     Hence,  the  depression  below  the  horizon  varies  as, 
the  square  root  of  the  altitude* 


1,     ,1 
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198.  Considering  the  arcs  Av,  Ar  as  equal  on  account  of  the  smallness  of  too 
angle  ACv,  the  sagittas  sv,  sr  will  be  inversely  as  the  radii,  hence,  sv  .  sr-  7 
:  l,  therefoie  n>  .  «r:6    7,  and  consequently  the  point  r  appears  to  be  ele- 

Av* 
rated  by  a  quantity  equal  to  £  w  or  f  s»;  but  ^  =  -2-,  therefore  «•(  =  £*>) 

-:££     Hence,  as  the  lefiaction  remains  nearly  the  same  for  all  objects  near 

14 

the  horizon,  this,  correction  must  be  made  in  calculating  the  altitudes  of  such 
objects  from  the  apparent  angles  of  elevation.  All  the  above  numbers  are 
for  the  mean  state  of  the  air. 

199.  Hence,  we  may  find  the  altitude  w  of  a  cloud  at  r,  by  obseivmg  the 
instant  when  it  ceases  to  be  enlightened  by  the  sun ;  foi  at  that  time  calculate 
the  depiession  of  the  sun  below  the  honzon,  and  fiom  it  subtiact  the  hori- 
zontal lefiaction  and  you  will  have  the  tiue  depiession  below  the  honzon,  or 
the  angle  between  As  and  a  tangent  to  »,  01  the  angle  ACv ,  hence  we  know 
Ao,  and'  consequently  vr.    This  supposes  that  the  ray  coming  to  the  cloud  is  a 
tangent  to  the  surface  of  the  sea,  or  to  an  honzontal  plane  at  land. 

FIG.  200.  Let  SB  be  a  ray  of  light  falling  on  the  atmospheie  at  B  and  refiacted 
38-  in  the  cnive  BAE  touching  the  earth  at  A,  and  emerging  in  the  direction  EF, 
meeting  DC  parallel'  to  SB  in  F,  to  find  CF.  As  Oo  is  a  perpendiculai  upon 
the  incident  ray,  and  CA  upon  the  refracted  ray,  they  will  be  as  the  sine  of 
incidence  to  the  sine  of  reft  action  out  of  a  vacuum  into  air  of  the  same  density 
as  that  at  the  earth's  suiface,  or  as  1,0002755  :  1,  hence,  put  m=  1,0002755  =s 
Cv=Cr,  n=  the  angle  CFr=Fsa>=rOo  =  2AOot  or  twice  the  horizontal  refiac- 
tion,  and  CF=Cvx  cosec.  »=  (if  n=66")  53,1  ladii  of  the  earth  If  the  di- 
lection  of  the  lay  of  light  be  not  paiallel  to  DC  but  to  dCf,  and  the  angle 
dCD  be  put=tf ,  then  the  angle  rCJ=n  -i-  *,  and  Cf=v  x  cosec.  n  +  x. 

201.  If  the  line  dC  he-supposed  to  join  the  centeis  of  the  sun  and  eaith,and 
the  ray  SB  to  come  from  the  limb  of  the  sun,  Cf  will  he  the  length  of  the  total 
shadow  of  the  earth,  as  all  the  umbra  beyond/will  have  some  lays  of  the  sun 
by  lefraction.  Now  let  #=16'  the  sun's  semichametei,  and  Cf=v  x  cosec. 
82'=41,94  semidiameteis  of  the  eaith,  which  being  very  little  moie  than  °{  of 
the  distance  of  the  moon,  it  appeals,  that  in  a  total  eclipse  of  the  moou,  some 
rays  from  the  sun  must  fall  upon  it,  which  is  the  cause  of  its  being  visible  in 
that  situation. 

202.  Having  thus  fully  explained  the  principles  of  refraction,  and  the  me- 
thods of  constructing  the  Tables  for  the  mean  refraction,  it  will  be  propci  to 
give  some  account  of  the  vanations  to  which  the  air  is  subject,  fiom  a  change 
of  temperature  and  density,  for  which  proper  coirections  aie  given,  except 
when  the  observations  are  very  near  to  tlie  honzon,  wheie  changes  frequently 
take  place  which  cannot  be  altogether  accounted  for,  and  for  which  thciefoie 
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no  correction  can  be  applied;  they  probably  aiise  from  exhalations  oi  various 
kinds  which  aie  suddenly  laised  and  suspended  in  the  air  near  to  the  eaith's 
suiface,  the  causes  of  which  do  not  sensibly  affect  the  baiometei  and  theimo- 
nietei.  Hence,  all  obseivations  made  very  neai  to  the  honzon  must  be  subject 
to  a  very  considerable  degice  of  uncertainty,  and  therefoie  Astionomers  never 
use  them  when  gieat  accuiacy  is  requiied. 

203.  TYCHO,  when  he  constructed  his  Table  of  lefraction,  knew  that  it  was, 
subject  to  variation;  but  CASSINI  and  PICARD  weie  the  first  who  measiued 
accuiately  the  change.     PICARD  found,  fiorn  the  rnendian  altitudes  of  the  sun, 
that  the  lefi  action  was  greatei  in  winter  than  in  summer,  heobseived  also,  that 
it  was  gieatei  in  the  night  than  in  the  day.     And  fiom  observing  the  honzontal 
icfraction  of  the  uppei  limb  of  the  sun  when  it  first  appealed  in  the  horizon, 
and  then  that  of  the  lower  limb,  he  found  that  in  the  time  in  which  the  sun 
was  rising,  the  leftaction  was  diminished  25".     BOTOIHSR  observed  in  America, 
that  the  refractions  in  the  night  were  greatei  than  in  the  day,  by  about  ^  01  J  . 
Dr.  NETTLETON  rneasuied  the  altitude  of  an  hill  in  a  clear  day,  and  repeating 
the  obseivations  in  a  cloudy  day  when  the  an  was  somewhat  gross  and  heavy, 
he  found  the  angle  considei  ably  greatei.     He  also  obscived,  that  the  altitudes 
of  some  of  the  hills  which  he  measuied  appeared  gi  eater  in  the  morning  before 
sun  lisc  and  late  in  the  evening,  than  at  noon  in  a  cleai  day.     At  the  time  of 
the  great  fiost  at  Pans  m  1740,  MONNIER  obseived,  when  the  thcnnometei 
was  10°  below  the  fieezing  pomt,  that  at  the  apparent  altitude  4°.  44£'  the  re- 
fraction was   11'  15",  but  when  the  meicury  stood  at  24°  above  the  fieezing 
point,  the  icfiaction  at  the  same  altitude  was  found  to  be  only  9'.  20";  hence 
thcie  was  a  diffeience  of  l'.  55"  foi  36°.  of  the  theunometer.     The  baiometei 
was  at  28  inches.     Fiom  these  differences  of  reactions  in  sutnmer  and  winter, 
in  the  day  and  night,  it  might  be  conjectured  that  the  refractions  would  be 
gieatei  to  wauls  the  noith,  wheie  it  is  coldei.     But  the  French  Academicians 
in  the  year  1737,  at  Toinea  on  the  boulcrs  of  Lapland,  where  they  weie  sciU 
to  measure  a  base  in  older  to  determine  the  length  of  a  degree  of  latitude, 
found  that  the  icfi  actions  agreed  with  those  at  Paris.     M.  de  la  CAIIXE  how- 
evei  found  that  the  refiactions  at  the  Cape  of  Good  Hope,  were  about  ,J-  less 
than  at  Pans  j  fiom  which  small  diffeicnce,  he  concluded  that  a  Table  of  le- 
fiactions  might  be  constuicted  which  would  answer  very  accuiately  for  evciy 
part  of  the  temperate  zone.     In  the  tonicl  zone  M.  BOUGUUK  found  the  hoii- 
zontal  refiaciaon  to  be  27';  at  6°  high,  7'.  4",  and  at  45°  high,  44".     Admit* 
ting  tlieiefoie  the  lefi  action  to  be  less  in  climates  waimei  than  at  Paris,  we 
may  conclude  that  it  must  be  gieater  in  those  which  aie  colder,  and  that  it  was 
fioru  want  of  a  sufficient  number  of  observations,  or  from  then  inaccuracy, 
that  the  Academicians  m  Lapland  did  not  find  it  so, 


VOL.    T. 


90  Otf   REFRACTION. 

20*.  The  refraction  being  thus  found  to  vaiy  in  diffeient  states  of  the  air, 
the  next  enquiry  is,  what  allowance  must  be  made  foi  any  variation  of  the 
tempeiature  and  weight  of  the  air,  fiom  any  standard  which  we  may  make  the 
mean.    Di.  BRADLEY  made  29,6  inches  the  mean  standard  for  the  barometei, 
and  as  Mr.  HAUKSBEE  had  detei mined  fiom  expenment  that  the  lefi action 
was  in  propoitiou  to  the  density  of  the  air,  it  must  also  be  as  the  altitude  of  the 
mercuiy  in  the  "barometer.    Now  in  the  mean  state  of  the  air,  that  is,  when 
the  barometer  is  at  29,6  inches,  and  FAHRENHEIT'S  theimometei  at  £0°>  the 
lefiaction  (180)  :  57"    tan.  *— Sr     1;  hence,  at  any  altitude  (a)  of  the  mer- 
cuiy, the  refraction  .  57"    ax  tan,  *  —  Sr  .  29,6.     The  lefiaction,  thus  coi- 
lected  for  the  variation  of  the  weight  of  the  air,  agiees  very  well  with  obseiv- 
ations.     The  next  thing  to  be  done  is,  to  find  how  the  refraction  vanes  in  dif- 
feient tempeiatmes.     M.  de  la  CAILLE  found  that  the  lefiaction  was  diminished 
T^  pait  from  an  mciease  of  10°  m  the  altitude  of  the  meicuiy  in  the  theimometer 
of  REAUMUR*    MAYER  observed  that  the  lefiaction  vaiicd  about  -^  part  for  10° 
of  variation.     M.  BQNNBR  made  some  experiments  m  order  to  determine  the 
variation  of  lefiaction  ansing  ftom  that  of  the  temperature  ,  calling  the  refrac- 
tion unity  foi  the  altitude  10°  of  the  thermometer,  he  found  the  lefraction  to 
be  0,92  at  the  altitude  30%  01  diminished  ~  for  a  variation  of  10°j  and  at  8° 
below  0°  he  found  the  refraction  to  be  1,085  or  5^  foi  a  vaiiation  of  10°. 
The  mean  of  these  differ  hut  very  litHe  fiom  the  determination  of  MAYEIU 
The  observations  upon  which  Di.  BRADLEY  formed  his  rate  of  variation,  have 
nevei  been  published.     He  used  FAHRENHEIT'S  theimometei,  and  fixed  the 
mean  tempeiatuie  at  5O°j  and  if  Ji°  be  any  othei  altitude,  he  found  that  the 

lefiaction  vanecl  m  the  latio  of  400°     7f  +  3SO°,  or  l  .  h°  +  3S°° .       Hence, 

allowing  for  the  variation  of  tempeiature  and  weight,  he  f'ound,  the  true  re- 

*  fe°-fSSO°        A     l     _ 

fraction  :  57   *    -^g-^-  xtan.£-3r  ,  — £60°--     And  this  agiees  vciy  accu- 
rately with  the  Rule  deduced  by  MAYEK. 

205.  When  the  sun  is  in  the  honzon,  the  lays  in  passing  vciy  obliquely 
thiough  the  atmosphere  aie  so  fai  separated,  that  M.  BOUGUER,  in  a  Work 
entitled  Traiti  d'Opttque  xur  la  Gradation  de  la  Lumi^re^  has  cancluded  from 
experiment^  that  the  intensity  of  light  is  1354  times  less  than  when  the  sun  is 
in  the  zenith.  M.  de  MAIRAN  thinks  that  the  weakness  of  the  sun's  rays  m  the 
former  case  is  principally  to  be  attnbuted  to  the  quantity  of  vapours  with  which 
the  loWer  parts  of  the  atmosphere  are  always  filled. 

206.  It  i$  owing  to  the  atmosphere  that  we  have  any  twilight  in  the  morn- 
ing and  evening,  which  arises  both  from  refraction  and  leflection  of  the  sun's 
39"     rays*    It  maybe  explained  thus.    Let  AB  be  the  surface  of  the  eaith,  Sm  a 
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lay  of  light  coming  from  the  sun,  and  beginning  to  be  refracted  at  m,  let  it 
describe  the  curve  mBn  touching  the  earth  at  B,  and  at  n  let  it  be  reflected 
into  the  curve  nA,  touching  the  earth  at  A9  the  place  of  the  spectatoij  in 
tins  position  therefbie  of  the  sun,  the  twilight  just  appearsj  draw  the  tangents 
-4ws,  mss,  £t>,  and  join  vnC.    Then  AO  (the  radius  of  curvature  to  the  aic  An) 
~nAC  (193),  considering  An  as  a  circle,  from  which  it  will  differ  but  very  little. 
Now  suppose  twilight  to  begin  when  the  sun  i$  18°  below  the  horizon,  that 
being  about  the  quantity  found  by  computing  the  sun's  depiession  from  the 
ob&eived  time  at  which  the  twilight  begins  j  it  vanes  however  in  different  sea- 
sons ,  hence,  the  angle  £=162°,  but  the  diffeiencc  between  the  angle  s  and 
the  angle  BvA  is  the  lefiaction  through  »zjB,or  S3';  therefbie  the  angle  AvB~ 
162°.  33',  and  AvC=8l°,  16f,  consequently  ^0=8°.  4s£',  and  hence  nCO 
=  171°.  ley,  also,  On:  Oc    7     6j  hence,  O«  =  7    Oc=6  .sin.  «CO  =  17I°. 
16J'    sin.   C«0=7°.   28f,   theiefoie  nOC=l°.   15^'j   hence,   sm.  nCO :  sin. 
nOC~.On*=7  '  Cfo=l,01,  fiom  wluch  take  Cr=l,  and  we  have  710=0,01— 
39,64  miles.      But  (189)  the  ray  begins  to  be  i enacted  at  the  altitude  of 
77,25  miles,    hence  the  leflection  takes  place  at  about  half  the  altitude  at 
which  the  lefiaction  begins.      This  is  upon  supposition  that  the  lays  come 
to  the  spectator  after  one  leflection.    If  we  suppose  them  to  come  after  2,  3 
or  4  reflections,  the  altitudes  nx  will  be  about  12, 5,4  and  3  miles  icspec- 
tively,  and  the  densities  of  the  aii  10,75,  2,9  and  1,8  less  than  at  the  eaith's 
suiface.     Which  of  these  is  most  probable,  may  admit  of  some  doubt.    That 
an  at  the  altitude  of  39,64  miles,  wheie  it  is  2700  less  dense  than  at  the 
earth's  surface,  should  have  the  power  of  reflecting  rays  so  copiously,  is  almost 
incredible.    And  why  should  that  paiticular  density  reflect,  when  it  is  not  the 
boundary  of  the  atmosphere,  it  having  been  shown  that  light  is  i  effected  at 
twice  that  altitude  ?  It  appeals  moie  probable  that  the  reflection  aiises  fiom  the 
vapouis  and  exhalations  of  vaiious  kinds  with  which  the  lower  paits  of  the 
atmospheie  aic  chaiged  j  for  the  twilight  lasts  till  the  sun  is  fuither  below  the 
honzon  in  the  evening,  than  it  is  in  the  morning  when  it  begins;  and  it  is 
longer  in  summer  than  in  wintei .    Now  in  faejormer  case,  the  heat  of  the  day 
has  raised  the  vapouis  and  exhalations,  and  in  the  latter,  they  will  be  more  ele- 
vated  from  the  heat  of  the  season;  theiefore,  upon  supposition  that  the  reflec- 
tion  is  made  by  them,  the  twilight  ought  to  be  longei  in  the  evening  thanln  the 
rooming,  and  longei  in  summer  than  in  wintei . 

207.  Another  effect  of  lefiaction  is  that  of  giving  the  sun  and  moon  an  oval 
appearance,  by  the  redaction  of  the  lower  limb  being  gieater  than  that  of  the 
uppci,  whereby  the  vertical  diameter  is  diminished.  Foi  suppose  the  diameter 
of  the  sun  to  be  32',  and  the  lower  limb  to  touch  the  horizon,  then  the  mean 
lefiaction  at  that  limb  is  33',  but  the  altitude  of  the  upper  limb  being  then  33', 
its  refraction  is  only  28'.  6",  the  difference  of  which  is  4'.  54",  the  quantity  by 
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which  the  vertical  diametei  appears  shortei  than  that  parallel  to  the  horizon. 
When  &e  body  is  not  very  near  the  hoiizon,  the  lefraction  diminishing  nearly 
uniformly,  the  figure  of  the  body  is  very  neaily  that  of  an  ellipse.    Now  it  is 
proved  in  that  article  wheie  the  diminution  of  weight  of  a  body  upon  the  sur- 
face of  a  spheroid  is  investigated,  that  the  diameter  (X))  of  an  ellipse,  which  is 
neaily  a  circle,  is  diminished,  in  going  from  the  inajoi  to  the  minor  axis,  as  the 
square  of  the  sine  (5)  of  the  angle  which  it  makes  with  the  major  axis;  hence, 
if  d=the  diminution  of  the  vertical  diametei,  lad.  4  •  s*'  d  :  the  diminution  ot 
the  diameter  D.    Thus  we  may  find  the  diameter  in  any  position,  and  in 
cases  where  extieme  accuracy  is  required,  such  as  measuimg  with  a  miciometer 
the  distance  of  Venus  or  Meicury  on  the  sun's  disc  from  its  limb,  this  circum- 
stance may  be  consideied. 


CHAP.  VIII. 

ON  THE  SYSTEM  OF  THE  WORLD 

Art.  208,"WrHEN  any  effect  01  phenomenon  is  discovered  by  experiment  or 
obseivation,  it  is  the  business  of  Philosophy  to  investigate  its  cause.  But  there 
are  very  few,  if  any,  enquiries  of  this  kind,  where  we  can  be  led  fiom  the  ef- 
fect to  the  cause  by  a  tiam  of  mathematical  leasoning,  so  as  to  pionounce  with 
ceitamty  upon  the  cause.  Sii  I.  NEWTON  therefoie,  in  his  PBINCIPIA,  before 
he  treats  on  the  System  of  the  "Woild,  has  laid  down  the  following  Rules  to  di- 
rect us  in  oui  leseaiches  into  the  constitution  of  the  universe. 

RULE  I.  No  more  causes  are  to  be  admitted  than  what  are  sufficient  to  ex- 
plain the  phenomenon. 

RULE  II.  Of  effects  of  the  same  kind,  the  same  causes  aie  to  be  assigned, 

as  fai  as  it  can  be  done. 

RUXE  III.  Those  qualities  which  are  found  in  all  bodies  upon  which  experi- 
ments can  be  made,  and  which  can  neithei  be  mcieased  nor  diminished,  may- 
be looked  upon  as  belonging  to  all  bodies. 

RULE  IV.  In  Experimental  Philosophy,  propositions  collected  from  pheno- 
mena by  induction,  aie  to  be  admitted  as  acctuately  or  nearly  tme,  until  some 
reason  appears  to  the  contrary. 

The  principles,  upon  which  the  application  of  these  Rules  is  admitted,  aie, 
the  supposition  that  the  operations  of  nature  aie  performed  in  the  most  simple 
rnannei ,  and  legulated  by  general  laws.  And  although  then  application  may, 
in  many  cases,  be  very  unsatisfactoiy,  yet  m  the  instances  to  which  we  shall 
heie  want  to  apply  them,  then  foice  is  little  infenoi  to  that  of  duect  demonstia- 
tion,  and  the  mind  rests  equally  satisfied  as  if  the  matter  could  be  strictly  pioved. 

209.  The  dmmal  motion  of  all  the  heavenly  bodies  may  be  accounted  for, 
either  by  supposing  the  eaith  to  be  at  rest,  and  all  the  bodies  daily  to  perform 
their  revolutions  in  aides  paiallel  to  each  othei ;  or  by  supposing  the  earth  to 
revolve  about  one  of  its  diameters  as  an  axis,  and  the  bodies  themselves  to  be 
fixed,  in  which  case  then  appaient  diurnal  motions  would  be  the  same.  If  we 
suppose  the  earth  to  be  at  rest,  all  the  fixed  stars  must  make  a  complete  revolu- 
tion, in  paiallel  aides,  ev$iy  day*  But  it  will  be  shown  in  a  future  pait  of  this 
Work,  that  the  neaicst  of  the  fixed  stars  cannot  be  less  than  400000  tipies  fur- 
ther fiorn  us  than  the  sun  is,  and  that  the  sun's  distance  from  the  earth  is  not 
less  than  93  millions  of  miles.  Also  from  the  discoveues  which  are  every  day 
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making  by  the  improvement  of  telescopes,  it  appeals  that  the  heavens  aie  filled 
with  an  almost  infinite  number  of  stais,  to  which  the  number  visible  to  the  na- 
ked eye  beais  no  proportion,  and  whose  dibtances  are,  probably,  incomparably 
greater  than  what  we  have  stated  above-     But  that  an  almost  infinite  numbei 
of  bodies,  most  of  them  invisible  except  by  the  best  telescopes,  at  almost  infi- 
nite distances  fiorn  us  and  fioni  each  other,  should  have  their  motions  so  exactly 
adjusted,  as  to  revolve  in  the  same  time,  and  IB  parallel  circles,  and  all  this 
without  their  having  any  central  body,  which  is  a  physical  impossibility,  is  an 
hypothesis,  which,  by  the  Rules  we  b&ve  here  laid  down,  is  not  to  be  admitted, 
when  we  consider,  that  all  the  phaenomena  may  be  solved  simply  by  the  lotation 
of  the  earth  about  one  of  its  diaineteis.     If  theiefoie  we  had  no  othei  leason, 
we  might  lest  satisfied  that  the  apparent  diuanal  motions  of  the  heavenly  bodies 
are  produced  by  the  eaith's  lotation.     But  we  have  other  leasons  for  this  sup- 
position.    Expenments  piove  that  all  the  pails  of  the  eaith  have  a  giavifalion 
towaids  each  other.     Such  a  body  thcicfoie,  the  greatest  pait  of  whose  siuiace 
is  a  fluid,  must,  from  the  equal  gravitation  of  Tti  pailo,  foun  itself  luio  <i  perlccl 
sphere.    But  it  appears  from  mensuiation,  that  the  oarti)  is  not  a  peiieetspheie, 
but  a  spheroid,  having  the  equatorial  lougci  than  its  polar  tb  a  meter,     Nov^  if 
we  suppose  the  earth  to  i  evolve,  the  paits  most  di&iaut  liom  the  H \.w  must,  fiom 
their  greater  velocity,  have  a  gieater  tendency  to  fly  oil",  and  lliOicJoic  that  dia- 
meter which  is  perpendicular  to  the  axis  must  be  increased.    That  this  must  be 
the  consequence  appears  from  taking  an  uon  hoop  and  making  it  revolve  swiftly 
about  one  of  its  diameteis,  and  that  diameter  will  be  diminished  and  the  diame- 
ter perpendicular  to  it  mcieased.     The  figuie  of  the  earth  must  theiefoie  have 
aiisen  from  its  lotation,  which  is  fuithei  confirmed  liom  the  following  consule- 
iation«     There  can  be  but  one  diameter  about  which  the  eailh  can  i evolve, 
which  can  solve  all  the  phaenomena  of  the  apparent  i evolution  of  the  heavenly 
bodies;  for  if  the  diameter  about  which  the  earth  is  supposed  to  icvolvc  weic 
changed,  it  would  change  the  situation  of  all  the  bodies  in  icspect  to  the  hoii- 
zxm  and  zetiith;  now  thai  diameter  about  which  the  eaith  must  icvolvc,  in  older 
to  satisfy  all  the  phenomena,  is  the  diameter  which,  fiom  mensuiation,  is  found 
to  be  the  shortest.    Anothei  reason  foi  the  eaith's  rotation  is  from  analogy. 
The  planets  are  opaque  and  spheiical  bodies  like  to  our  earth ,  now  all  the 
planets,  on  which  sufficient  observations  have  been  made  to  deteiminc  the  mat- 
ter, are  found  to  revolve  about  an  axis,  and  the  equatorial  diaiweteis  of  some  of 
tjiem  are  visibly  greater  than  then  polar.    When  these  reasons,,  all  upon  dif- 
ferent principles,  are  considered,  they  amount  to  a  proof  of  the  eftrthj&  rotation 
about  its  axis,  which  is  as  satisfactory  to  the  mind  as  the  most  direct  demonstra- 
tion could  be.    These  however  are  not  all  the  proofs  which  might  be  offered ; 
the  situations  and  motions  of  the  bodies  in  our  system  necessarily  require  this 
motion  of  the  earth. 
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210.  Besides  this  apparent  diurnal  motion,  the  sun,  moon,  and  planets  have 
another  motion  ;  for  they  aie  observed  to  make  a  complete  revolution  amongst 
the  fixed  stars,  in  different  periods.     But  whilst  they  are  perfoiming  these  mo- 
tions in  lespect  to  the  fixed  stais,  they  do  not  always  appear  to  move  in  the 
same  direction,  or  in  that  dueetion  in  which  their  complete  levolutions  are 
made,  but  sometimes  appear  stationaiy,  and  sometimes  to  move  in  a  contiary 
direction.     We  will  heie  briefly  descube  and  considei  the  diffeient  systems 
which  have  been  invented,  in  oidei  to  solve  these  appeaiances.     PTOLEMY 
supposed  the  eaith  to  be  peifectly  at  rest,  and  all  the  othei  bodies,  that  is,  the 
sun,  moon,  planets,  comets  and  fixed  stars,  to  revolve  about  it  eveiy  day,  but 
that,  besides  this  diurnal  motion,  the  sun,  moon,  planets  and  comets  had  a 
motion  in  lespccl  to  the  fixed  stars,  and  were  situated,  in  respect  to  the  earth, 
in  the  following  order;  the  Moon,  Mercury,  Venus,  the  Sun,  Mais,  Jupiter, 
Saturn.     These  revolutions  he  fiist  supposed  to  be  made  in  ciicles  about  the 
earth  placed  a  little  out  of  the  center,  in  older  to  account  foi  some  inegularities 
of  their  motions ,  but  as  their  retrogiade  motions  and  stationaiy  appearances 
could  not  thus  be  solved,  he  supposed  them  to  i  evolve  in  epicycloids,  in  the 
following  manner.     Let  ABC  be  a  cncle,  S  the  center,  M  the  caith,  abed  ano-      FIG. 
thei  cucle  whose  center  v is  in  the  circumfeience  of  the  circle  ABC.    Cone  we      40- 
th  e  circumfeience  of  the  circle  ABC  to  be  earned  lound  the  earth  every  24 
houis  according  to  the  ordei  of  the  letters,  and  at  the  same  tune  let  the  center 
v  of  the  circle  abed  have  a  slow  motion  in  the  opposite  diiection,  and  let  a  body 
revolve  m  thih  ciicle  in  the  direction  abed;  then  it  is  manifest,  that  by  the  mo- 
tion of  the  body  in  this  circle  and  the  motion  of  the  cncle  itself,  the  body  may 
describe  such  a  curve  as  is  represented  by  Umn&p ;  and  if  we  draw  the  tangents 
JE?,  Em,  the  body  would  appear  stationary  at  the  points  /  and  m,  and  its  mo- 
tion would  be  retrograde  tluough  Im,  and  then  direct  again.     Now  to  make 
Venus  and  Meicury  always  accompany  the  Sun,  the  centei  »  of  the  circle  abed 
was  supposed  to  be  always  veiy  neailym  a  ughl  line  between  the  eaith  and  sun, 
but  moie  neaily  so  foi  Venus  than  for  Merciuy,  in  oidei  togjve  each  its  proper 
elongation.     This  system,  although  it  will  account  for  all  the  apparent  motions 
of  the  bodies,  yet  it  will  not  solve  the  phases  of  Venus  and  Meiciuy ;  for  in 
this  case,  m  both  conjunctions  with  the  sun  they  ought  to  appear  dark  bodies, 
and  to  lose  their  light  both  ways  fiom  their  greatest  elongations  j  whereas  it  ap* 
pears  fiom  observation,  thai  m  one  of  theii  conjunctions  they  shine  with  a  full 
face.    This  system  therefoie  cannot  be  true. 

fill.  The  system  received  by  the  Egyptians  was  this  The  Eaith  is  immove- 
able  in  the  center,  about  which  revolve,  in  older,  the  Moon,  Sun,  Mais,  Ju- 
piter and  Saturn;  and  about  the  Sun  revolve  Mercuiy  and  Venus.  This  dispo- 
sition will  account  for  the  phases  of  Meicury  and  Venus,  but  not  for  the  ap- 
parent motions  of  Mars,  Jupiter  and  Satuin. 
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212.  The  next  system  which  we  shall  mention,  though  posterior  in  time  to 
the  true,  or  Coperntcan  System,  as  it  is  usually  called,  is  that  of  TYCHO  BRAKE, 
a  Polish  Nobleman.    He  was  pleased  with  the  Copermcan  system,  as  solving  all 
the  appearances  in  the  most  simple  manner,  but  conceiving,  fiom  taking  the 
liteial  meaning  of  some  passages  m  Sciipture,  that  it  was  necessaiy  to  suppose 
the  earth  to  be  absolutely  at  rest,  he  altered  the  system,  but  kept  as  near  to  it 
as  possible.    And  he  fuither  objected  to  the  eaitn's  motion,  because  it  did  not, 
as  he  conceived,  affect  the  motion  of  comets  observed  in  opposition,  as  it  ought, 
whereas,  if  he  had  made  observations  on  some  of  them,  he  would  have  found 
that  their  motions  could  not  otheiwise  have  been  accounted  for.    In  his  system, 
the  eaith  is  placed  immoveable  in  the  centei  of  the  oibits  of  the  sun  and  moon, 
without  any  rotation  about  an  axis ;  but  he  made  the  sun  the  centei  of  the  01- 
bits  of  the  other  planets,  which  therefoic  i  evolved  with  the  sun  about  the  earth. 
By  this  system,  the  diffeient  motions  and  phases  of  the  planets  may  be  solved, 
the  latter  of  which  could  not  be,  by  the  Ptolemaic  system ,  and  he  was  not 
obliged  to  retain  the  epicycloids  in  order  to  account  for  theii  retiogradc  motions 
and  stationary  appeal  ances.    One  obvious  objection  to  this  system  is,  the  want 
of  that  simplicity  by  which  all  the  apparent  motions  may  be  solved,  and  the 
necessity  that  all  the  heavenly  bodies  should  i  evolve  about  the  earth  everyday; 
also,  it  is  physically  impossible  that  a  laige  body,  as  the  sun,  should  revolve 
about  a  much  smallei  body,  as  the  earth,  at  lest;  if  one  body  be  much  largei 
than  another,  the  centei  about  which  they  icvolvc  must  be  veiy  near  to  the 
krge  body ;  this  will  be  proved  when  we  come  to  the  principles  of  physical 
Astionomy.    And  this  aigument  holds  also  against  the  Ptolemaic  system.    It 
appeals  also  fiom  observation,  that  the  plane  in  which  the  sun  must,  upon 
this  supposition,  dmiiially  move,  passes  thiough  the  earth  only  twice  in  a  year, 
It  cannot  theiefore  be  any  foicc  in  the  eaith  which  can  letain  the  sun  in  it-» 
orbit,  for  it  would  move  in  a  spiral  continually  changing  its  plane.     In  shoit, 
the  complex  manner  in  which  all  the  motions  aie  accounted  foi,  and  the  phy- 
sical impossibility  of  such  motions  being  .pcifoimed,  is  a  sufficient  icason  for 
icjecting  this  system ;  especially  when  we  considci,  m  how  simple  a  mannci 
all  these  motions  may  be  accounted  for,  and  dcmonstiated  fiom  the  common 
pnnciples  of  motion.    Some  of  TVCHO'S  follower  seeing  the  absuuhty  of  sup- 
posing  all  the  heavenly  bodies  daily  to  levolve  about  the  eaith,  gave  a  rotaloiy 
motion  to  the  earth,  in  oidei  to  account  foi  then  diurnal  motion;  and  this  was 
called  the  Semi-Tyclionic  System ,  but  the  objections  to  this  system  aie,  other^ 
wise,  just  the  same. 

213.  The  system  which  is  now  universally  Deceived  is  called  the  Copernican. 
It  was  formerly  taught  by  PYTHAGORAS,  who  Jived  about  500  yeais  befoie  J.  C, 
and  PEHLOLAUS,  his  disciple,  maintained  the  same;  but  it  was  afterwards  le- 
jected  til  revived  by  COPERNICUS.  IJeie  tb,e  Sun  is  placed  in  the  centei  of  the 
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System,  about  which  the  other  bodies  revolve  in  the  following  ordei ;  Mercuiy, 
Venus,  the  Earth,  Mars,  Jupiter,  Saturn,  and  the  Georgian  Planet,  which  was 
lately  discovered  by  Di.  HERSCHEL,  beyond  which,  at  immense  distances,  are 
placed  the  fixed  stars,  the  moon  revolves  about  the  earth,  and  the  earth  le- 
yolves  about  an  axis.  This  disposition,  and  these  motions,  of  the  bodies,  solve, 
in  the  most  simple  manner,  not  only  all  the  phases,  and  the  direct  and  relrogiade 
motions,  but  also  every  othei  irregulanty  belonging  to  them,  and  which  motions 
may  also  be  accounted  for  upon  physical  principles.  We  may  also  further  ob- 
seive,  that  the  supposition  of  the  eaith's  motion  is  necessaiy,  m  oider  to  account 
for  a  small  apparent  motion  which  eveiy  fixed  star  is  found  to  have,  and  which 
cannot  othei  wise  be  accounted  for.  The  harmony  of  the  whole  .wdL  be  as 
satisfactoiy  a  proof  of  the  truth  of  this  System,  as  the-most  direct  demonstra- 
tion could  be;  this  System  theieforo  we  shall  assume. 


VOL.  I. 


CHAR  IX. 

ON  KEPLER'S  DISCOVERIES 

Ait.  214.  KEPLER  was  the  fiist  who  discoveied  the  figuies  of  the  orbits 
of  the  planets  to  be  ellipses,  having  the  sun  in  one  of  the  foci.     PTOLEMY  sup- 
posed that  the  oibits  of  the  planets  were  circles,  having  the  eaith,  not  in  the 
FIG.     centei  C,  but  at  some  other  point  S;  and  taking  CB-CS,  he  supposed  that 

41.  they  revolved  witjh  an  uniform  angulai  velocity  about  J?,  called  the  Function 
aquantis.     This  was  his  supposition  to  account  for  the  equation  of  the  planet^ 
orbit,  or  the  fint  inequality  of  its  motion;  but  it  was  suppoited  neithei  by 
observation  nor  demonstiation.     TTCHO  alteied  this  hypothesis,  by  placing  B 
at  a  different  distance  from  C,  by  which  he  found  his  computations  would 
agree  with  his  observations  \vithm  a  few  minutes.     Notwithstanding  which, 
KEPLER  suspected  the  hypothesis  could  not  be  tiue,  foi,  from  the  goodness  of 
TYCIIO'S  obseivations,,  he   believed  thattheie  could  not  have  been  so  great  a 
difference  between  the  computations  and  observations,  if  it  weie  tiue.     But  in 
icspect  to  the  oibit*  of  the  sun,  or  rather  of  the  eaitk,  the  ancients,  and  also 
TYCHO,  believed  the  motion  was  equable  about  the  center  C,     From  the  equa- 
tion of  the  orbit,  TYCIIO  computed  the  excentiicity  SB,  which  taken  fiom  AS 
gave  a  quantity  BA  diffeient  fiom  the  ladius  AC&t  fiist  supposed,  whence  he 
concluded  that  the  sun  was  not  always  at  the  same  distance  from  C.     This  in- 
duced KEPXTSR*  to  suspect  that  the  center  was  not  the  point  about  which  the 
motion  was  equal,  but  that  it  bisected  the  excentiicity.     To  determine  this 
point  he  proceeded  thus, 

FIG.         215.  Let  B  be  the  point  about  which  the  motion  is  equable,  S  the  sun,  take 

42.  BC=SC,  and  let  D  and  E  be  the  places  of  the  eaith  when  the  planet  Mar* 
is  at  the  same  point  AT  of  its  orbit.     On  May  18,  1585,  and  Januaiy  22,  1591, 
he  took  the  two  places  of  Mais,  found  from  obbeivation,  and  by  calculation 
leduced  its  places  to  May  SO,  and  January  20,  in  the  same  icspective  yeais, 
at  which  times  the  longitude  of  Mars  seen  from  B,  as  calculated  by  TYCHO, 
was  6s.  13°.  28',  and  theiefore  he  knew  that  Mais  was  in  the  same  point  of  its 
oibit ;  and  the  angles  MBD,  MBE  were,  each  64°.  23^'.    Now  the  Iqngi- 
tudes  of  Mais  on  May  30,  and  Januaiy  20,  were,  by  observation,  5*.  6°,  37' 
and  7s.  21°,  34',  the  diffeiences  between  which  and  6s.  13°.  28',  the  heliocen- 
tric longitude  before  calculated,  are  36°.  51'  and  38°.  6'  for  the  angles  BMD> 
BME;  consequently  BD  is  less  than  BE,  and  therefore  B  is  not  the  center  of 
the  circle.     KEPLEU  next  calculated  the  value  of  jBC,  and  found  it  to  be 
2837,  AC  being  100000.    Now  TYCHO  had  found  from  his  observations,  that 
the  whole  distance  BS  from  the  sun  to  the  center  of  equality  ws*s  3584,  there- 
fore its  half  was  1792,  which  being  so  nearly  equal  to  1837,  KEPLEII  immedi- 
ately concluded  that  C  bisected  the  excentncity* 

*  Ste  L»s  Work,  D<?  mottbus  Stella  MM  in 
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216.  Having  found  that  the  centei  of  the  earth's  01  bit  bisected  the  excen- 
tricity,  he  piocecded  to  examine  the  same  m  the  orbit  of  Mais,  in  the  following 
mannei.  Let  S  be  the  sun,  C  the  centei  of  the  circle,  B  the  point  about  which  FIG. 
the  motion  is  equable?  and  let  D,  E,  F,Gbe  4  places  of  Mais  observed  m  43.' 
opposition;  he  then  pioposed  the  following  Problem.  To  find  the  angles 
FBA,  FSA  such,  that  the  four  points  D,  E,  F,  G  maybe  in  the  circumference 
of  the  circle,  and  C  in  the  centei  between  B  and  S.  He  resolved  this  by  as- 
suming the  distance  &B  and  the  angles  FBA,  FSA,  and  thence  calculated 
all  the  other  parts,  to  find  whether  all  the  angles  formed  about  S  were  together 
equal  to  foui  right  ones.  He  made  70  suppositions  before  he  got  one  to  agree 
with  obseivation,  the  calculation  of  every  one  of  which  was  extremely  long  and 
tedious  :  {ft  fe  hujus  labonoses  methodi  perteesum  fuent,  jure  met  te  msereat, 
qm  earn  ad  minimum  septuagtes  ten  cumplurzma  temporisjactura,  etmtrari  desmes 
Ituncgumtumjam  annum  abire,  ex  quo  Martemaggresswsm9gucm<oisa.nnus  1603 
fene  totus  opttcts  vnqwt>itionibusfial  traductus,  pag.  95.  Having  thus  deteunmed 
the  excentncity  of  the  oibit  of  Mais,  he  calculated  12  oppositions  obseived  by 
TYCIIO,  none  of  which  difieied  moie  than  l'.  47";  but  he  found  that  the  hy- 
pothesis agreed  neither  with  the  latitude  observed  m  opposition,  nor  with  the 
longitude  out  of  opposition,  which  diffcied  sometimes  8'  from  obseivation. 
The  circle  which  so  well  repiesented  the  12  oppositions  had  its  excentncity 
£8=  18564,  but  he  found  SC=  11332  and  CB  =  7232,  the  mean  distance  of 
the  eaith  from  the  sun  being  100000.  Fiom  the  want  of  agreement  between 
the  obseived  and  computed  latitudes  in  opposition,  and  the  longitudes  out  of 
opposition,  and  from  SB  not  being  bisected  in  C,  KEPLER  was  persuaded  that 
the  orbit  of  Mars  was  not  a  ciicle.  He  theiefoie  computed,  in  the  following 
manner,  thiee  distances  of  Mars  from  the  sun,  with  the  coirespondmg  heho- 
centiic  longitudes,  by  which  he  could  deteimme  both  the  figuie  and  magni- 
tude of  its  orbit. 

217.  Let  S  be  the  sun,  M  Mars,  D,  E,  two  places  of  the  earth  when  Maii, 
was  in  the  same  point  M  of  its  oibit  When  the  earth  was  at  D,  he  obseived 
the  difference  between  the  longitudes  of  the  sun  and  Mars,  or  the  togle  MDS; 
in  like  mannei  he  obseived  the  angle  MES.  Now  the  places  D,  E  of  the 
eaith  m  its  oibit  being  known,  the  distances  DS,  ES  and  the  angle  DSE  will 
be  known  ;  hence,  m  the  tnangle  DSE,  we  know  DS,  SE,  and  the  angle  DSE, 
to  find  DE  and  the  angles  SDE,  SED  ;  hence  we  know  the  angles  MDE, 
MED  ;  theiefore  in  the  triangle  MDE,  we  know  DE,  and  the  angles  MDE, 
MED,  to  find  MD  ,  and  lastly,  in  the  triangle  MDS,  we  know  MD,  DS,  and' 
the  angle  MDS,  to  find  flfS,  the  distance  of  Mais  from  the  sun.  He  also 
found  the  angle  MSD,  the  diffeience  of  the  heliocentuc  longitudes  of  Mars  and 
the  earth.  By  this  method,  KBPLBE,  from  obseivations  made  on  Mars  when 
in  aphelion  and  peiihehon  (for  he  had  deteimmcd  the  position  of  the  line  of 
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the  apsides,  by  a  method  wHcli  we  shall  afterwards  explain,  independent,  of 
the  form  of  the  orbit),  determined  the  foimei  distance  from  the  sun  to  be 
16678O,  and  the  lattei  1S&500,  the  mean  distance  of  the  earth  from  the  sun 
being  100000 ;  hence,  the  mean  distance  of  Mars  was  15264O  and  the  excen- 
triaty  of  its  orbit  14140.    He  then  determined,  in  like  manner,  thiee  othei 
distances,  and  found  them  to  be  147750,  163100,  166255.    He  next  calcu- 
lated the  :same  three  distances,  upon  supposition  that  the  oibit  was  a  circle, 
and  found  them  to  be  148539,  163883,  166605,  the  eriors  theiefore  of  the 
circulai  hypothesis  were  789,  783,  350.    But  he  had  too  good  an  opinion  of 
TycHo's  observations  to  suppose  that  these  differences  might  arise  fiom  their 
inacciuacy ,  and  as  the  distance  between  the  aphelion  and  perihelion  was  too 
great,  upon  supposition  that  the  orbit  was  a  ciicle,  he  knew  that  the  form  of  the 
orbit  must  be  an  oval ;  Itaque  plane  hoc  est    Orbtta planetas  non  est  circulus,  sed 
ingrediens  adlatera  utraque  paulatim,  tterumque  ad  circuit  amphtudmem  mperiga'o 
extent,  ayusmodi  figuram  tttnerts  ovalem  appellitant,  pag.  213,     And  as  of  all 
ovals,  the  ellipse  appeared  to  be  the  most  simple,  he  fiist  supposed  the  oibit  to 
be  an  ellipse,  and  placed  the  sun  in  one  of  the  foci ,  and  upon  calculating  the 
above  observed  distances,  he  found  they  agreed  together.     He  did  the  same 
for  othei  points  of  the  orbit,  and  found  that  they  all  agreed  ,  and  thus  he  pro- 
nounced the  oibit  of  Mars  to  be  an  ellipse,  having  the  sun  in  one  of  its  foci. 
Having  determined  this  for  the  orbit  of  Mais,  he  conjectured  the  same  to  be 
true  for  all  the  othei  planets,  and  upon  trial  he  found  it  to  be  so.    Hence  he 
concluded,  Tfiat  the-  stx  primary  Planets  revoke  about  the  Sun  ^n  ellipses,  halving 
Out  Sun  in  one  of  the  foci. 

A  TABLE 

Of  the  relative  mean  distances  of  the  Planets  from  the  Sun,  accoidmg  to 

different  Authois. 


Planets 

KEPLER 

STEEET 

HALLEY 

M.delaLANDE 

Log,  DM*. 

Mercury 

38  806 

38710 

38710 

38710 

9,5878221 

Venus 

72413 

72333 

72333 

72333,24 

9,8593379 

Earth 

100000 

100000 

100000 

100000 

0,0000000 

Mars 

152349,5 

152369 

152369 

152369,27 

0,1828973 

Jupiter 

'520000 

5201  1O 

520098 

520279,2 

0,7162364 

Saturn 

951008,5 

953800 

954007,4 

954072,4 

0,9795813 
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The  lelative  mean  distance  of  the  Georgian  Planet  from  the  sun  is  1918352, 
accoiding  to  M.  de  la  PLACE. 

The  logarithms  are  here  put  down  upon  supposition  that  the  mean  distance 
of  the  earth  fiom  the  sun  is  unity,  this  being  the  case  in  all  Astronomical 

Tables.     The  mean  distances  are  nearly  as  4,  7,  10,  15,  52,  95, 192, 

> 

218.  Having  thus  discovered  the  relative  mean  distances  of  the  planets  fiom 
the  sun,  and  knowing  then  peuodic  times,  he  next  endeavouied  to  find  if  theie 
was  any  relation  between  them,  having  had  a  stiong  passion  for  finding  analo- 
gies in  nature.     He  saw  that  the  more  distant  a  planet  was  from  the  sun  the 
slower  it  moved,  so  that  on  a  double  account  the  peiiodic  times  of  the  moie 
distant  planets  would  be  increased.     Saturn,  for  example*  is  9%  times  further 
fiom  the  sun  than  the  earth  is,  and  the  cucle  described  by  Saturn  is  so  nauofc 
greater  in  pioportion;  and  as  the  earth  revolves  in  1  yea*,  if  their  velocities 
were  equal,  the  periodic  time  of  Satuin  would  be  9£  years  j  whereas  its  periodic 
tame  is  near  80  years.     The  periodic  times  therefore  of  the  planets  increase  in  a 
greater  ratio  than  their  distances,  but  in  a  less  ratio  than  the  squares  of  their  dis* 
tances  j  for  upon  that  supposition  the  periodic  time  of  Satuin  would  he  about 
9Q£yeais.     On  March  8,  1618,  he  began  to  compare  the  powers  of  these 
quantities,  and  at  that  time  he  took  the  squares  of  the  periodic  times  and  com- 
pared them  with  the  cubes  of  the  mean  distances,  but,  from  some  erior  in  the 
calculation,  they  did  not  agree.     But  on  May  15,  having  made  .the  last  compu- 
tations again,  he  discoveied  his  error,  and  found  an  exact  agreement  between 
them.     Thus  he  discovered  the  famous  Law,  That  the  squares  of  the  periodic 
times  of  all  the  planets  are  as  the  cubes  ofth&ir  mean  distance  from  the  sun.    Sir 
I.  NJEWTOK  afteiwards  proved  that  this  is  a  necessary  consequence  of  the 
motion  of  a  body  in  an  ellipse  about  the  focus.     Prin.  Phil  Lib.  I.  Sec.  2, 
Pr.  15. 

219.  KEPLER  also  discoveied  fiom  obseivation,  that  the  velocities  of  the 
planets,  when  in  their  apsides,  aie  inversely  as  their  distances  fiom  the  sun , 
whence  it  followed,  that  they   describe,  m  these  points,  equal  areas  about 
the  sun  in  equal  times.    And  although  he  could  not  prove,  fiom  observation, 
that  the  same  was  tine  in  eveiy  point  of  the  orbit,  yet  he  had  no  doubt  but 
that  it  wjis  so*     He  therefoie  applied  this  principle  to  find  the  equation  of  the 
orbit  (as  will  be  explained  in  the  next  Chapter),  and^nding  that  his  calcula- 
tions agreed  with  observations,  he  concluded  it  was  tiue  in  general,  That  the 
planets  describe  about  the  sun  equal  areas  in  equal  tines.     Tins  discovery  wa^ 
perhaps,  the  foundation  of  the  PRINCIPIA,  as  it  pi obably  might  suggest  to <Sii 
I.  NISWTON  the  idea,  that  the  proposition  was  tme  m  general,  which  he  after* 
wards  proved  it  to  be.     These  important  discoveiies  aie  the  foundation  of  all 
Astionomy. 
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220.  He  also  speaks  of  Gravity  as  a  power  which  is  mutual  between  all 
bodies ;  and  tells  us,  that  the  earth  and  moon  would  move  towards  each  other,, 
and  meet  at  a  point  as  much  neaiei  to  the  earth  than  the  moon,  as  the  earth  is 
greater  than  the  moon,  if  their  motions  did  not  hinder  it.  He  furthei  adds, 
that  the  tides  anse  from  the  giavity  of  the  waters  towards  the  moon.  That  the 
leadei  may  have  a  better  conception  of  his  ideas  on  this  subject,  we  shall  heie 
give  his  own  words. 

Veia  doctrina  de  gravitate  his  innifatur  axiomatibus. 

Ornms  substantia  corporea,  quatenus  corporea,  apta  nata  est  quiesceie  onini 
loco,  in  quo  solitaria  pomtur,  extra  oibem  virtutis  cognati  corpoiis. 

Giavitas  est  affectio  coiporea,  mutua  inter  cognata  corpoia  ad  umtionem 
seu  conjunctionem  (quo  rerum  oidme  est  et  facultas  rnagnetica)  ut  multo  magis 
terra  trahat  lapidem,  quam  lapis  petit  teiiam. 

Gravia  (si  maxime  teiram  in  centio  mundi  collocenius)  non  feiuntui  ad  cen- 
trum mundi,  ut  ad  centrum  mundi,  sed  ut  ad  centium  rotundi  cognali  coipo- 
ns,  telluns  scilicet.  Itaque  ubicunque  collocetur  seu  quocunque  tianspoitetur 
tellus  facilitate  su&  animali,  sempei  ad  illam  feiuntur  giavia. 

Si  terra  non  esset  rotunda,  gravia  non  undiquaque  ferrentur  recta  ad  medium 
terraepunctum,  sed  fenentur  ad  puncta  diversa  a  lateribus  diversis. 

Si  duo  lapides  in  ahquo  loco  rnuncii  collocarentur  piopmqui  invicem,  extra 
orbem  viitutis  tertu  cogftati  corpons;  illi  lapides  ad  sirnilitudmem  duorum 
magneticoium  coiporum  conent  loco  intei media,  quihbet  accedens  ad  alterum 
tanto  intervallo,  quanta  est  altenus  moles  in  coinparatione. 

Si  luna  et  teira  non  letmercntui  vi  animali,  aut  ali&  ah  qua  sequipollenti,  quav 
Lbet  in  suo  cncuitu  j  ten  a  ascenderet  ad  lunam  quinquagesima  quarts  parte  in- 
teivalli,  luna  descenderet  ad  tenam  quinquagmta  tubus  ciiciter  partibus  inter* 
valli:  ibiquejungerentur:  posito  tamen,  quod  substantia  utnusque  sit  unius  et 
ejusdem  densitatis. 

Si  terra  cessaret  attraheie  ad  se  aquas  suas;  aquae  marinae  omnes  elcvarentui, 
et  ia  corpus  lunse  influerent. 

Oibis  virtutis  tractonse,  quae  est  in  Iun5,  poingitur  usque  ad  ten  as,  et  pi"o- 
lectat  aquas  sub  zonam  torndam,  quippe  in  ocqursurn  suum  quacunque  in  vei* 
ticem  logi  incidit,  insensibilitei  in  tnanbus  mclusis,  sensibihter  ibi  ubi  sunt  latis- 
simi  alvei  oceani,  aquisque  spatiosa  rccipiocationis  hbeitas,  quo  facto  pudantui 
littora  zonarum  et  chmatumlateialmrn,  et  si  qua  etiain  sub  tomda  sinus  effici- 
mtxt  reductiores  oceani  propinqui.  Itaque  aquis  m  kitiori  alveo  oceani  assurgen- 
tibus,  fieri  potest,  ut  in  angustioiibus  ejus  binubus,  modo  non  nimis  aict£  con* 
plusis,  aquae  praesente  lunfi  etiain  aufugere  ab  e<1  videantur :  quippe  subsidunt, 
for^s  subtract^  copi^  aquarum,  See  the  Introduction  to  the  abovementio?ied 


CHAP.   X. 

ON  THE'  MOTION  OF  A  BODY  IN  AN  ELLIPSE  ABOUT  tHE  FOCUS 

Ait.  221.  AS  the  orbits  which  are  described  by  the  piimary  planets  levolving 
about  the  sun  aie  ellipses  having  the  sun  m  one  of  the  foci,  and  each  describes 
about  the  sun  equal  aieas  in  equal  times,  we  next  pioceed  to  deduce,  from  these 
panciples,  such  consequences  as  mil  be  found  necessaiy  m  oui  enquiries  ic 
spectrag  then  motions.  From  the  equal  desciiption  of  areas  about  the  sun  m 
equal  tunes,  it  appears*  that  the  planets  move  with  unequal  angulai  velocities 
about  the  sun.  The  ploposit10n  therefoie,  which  we  heie  piopose  to  solve  is 
given  the  periodic  time  of  a  planet,  the  time  of  its  motion  from  its  aphelion' 
and  the  excentucity  of  its  oibit,  to  find  its  angular  distance  from  the  aphelion' 
or  its  true  anomaly  and  its  distance  from  the  sun.  Thw  was  first  proposed  by 
KEPLER,  and  theiefwe  goes  by  the  name  of  KSPXER'S  PROBLEM.  He  knewno 
direct  method  of  solving  it,  and  therefoie  did  it  by  veiy  long  and  tedious  ten- 
tative  opeiations. 

222  Let  AGQB  be  the  ellipse  dcscnbed  by  the  body  about  tte  sun  at  S  in 
one  of  its  foci,  AQ  the  major,  GB  the  minor  axis,  A  the  aphelion,  Q  the  pe. 
nhehon,  P  the  place  of  the  body,  AVGE  a  cade,  C  its  center  ,  draw  J/PI 
perpendicu  ar  tc  >AQ  join  PS,  NS  and  NC,  on  which  pioduced  let  fell  the 
perpendicular  ST.    Let  a  body  move  umfbimJy  in  the  cade  from  A  to  D  with 
the  mean  angular  velocity  of  the  body  m  the  ellipse,  whilst  the  body  moves  in 
the  ellrpse  fiom  ,A  to  P  ;  then  the  angle  ACD  is  the  mean,  and  the  angle  IsP 
the  ^anomaly,  and  the  diffeience  of  these  two  angles  „  called  the  L^0» 
of  the  phnefs  center  or  Prosthaptere**.  Let  ^=the  periodic  trme  in  the  elLpse 
or  circle  (the  peiiodic  times  being  equal  by  supposition),  and  *=thetime  of 
desciibmg  AP  01  AD  ,  then,  as  the  bodies  in  the  ellipse  and  circle  desciibe 
equal  aieas  in  equal  tunes  about  8  and  C  respectively,  we  have 
aiea^Z)C'    aiea  of  the  circle-  t   p, 
area  of  the  ellipse    area  ASP  .'p  ,  t, 


^^ 

««  SPf  »  con,tant  for  the  same  timt,  Pr  v^nes  as  1  ,  but  the  angle^Pva™  as  |,  and  there- 

fore  U  vanes  aO,,  that  ,,  m  the  «,  orb.t,  the  angula,  veloaty  of  aplanet  varaes  tersely  as  the 
square  of  *  Stance  from  the  sun  For  ^fferent  planets,  the  aieas  &&cM  m  ^  ^  ^  ^  ^ 
equal,  and  therefor,  Pr  vaues  as  •£**&.  consequently  the  ^pSf  vane6  ^  maSfip.  ^  „ 


FIG* 
46. 


FIG, 
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also,  aiea  of  the  circle  :  area  of  the  ellipse    area  ASN  area  ASP 


.-.  area  A  DC  :  aiea  ASP    area  ^£Ar  :  area  ASP  ,  hence,  -4DC  =  ASN  ;  take 
away  the  area  ACN  which  is  common  to  both,  and  the  area  DCN—SNC, 
but  DCN^^DNx  CN,  and  SNC=^ST  x  GST,  therefore  ST=  ZW.    Now 
if  *be  given,  the  arc  AD  will  be  given  ,  foi  a&  the  body  m  the  circle  moves 
uniformly  ,  we  have  p  '  t  \  360°    AD.    Thus  wealways  find  the  mean  anomaly 
at  any  giveputeine,  knowing  the  time  when  the  body  was  in  the  aphelion; 
hence  if  '  we  can  -find  ST,  or  ND9  we  shall  know  the  angle  NCA,  called  the 
excGntnc  anomaly,  'from  whence,  by  one*  proportion  (223),  we  shall  be  able  to 
find  the  ,  angle  ASP  the  true  anomaly-     The  Pioblem  is  theiefore  leduced  to 
this;  -to  find  a'taangle  GST,  such  that  the  angle  C  +  the  degrees  of  an  aic  equal 
to  ST  may  be  equal  to  the  given  angle  ACD.     This  may  he  expeditiously  done 
by  tiial  in  the  following  manner,  given  by  M.  de  la  CAILLE  in  his  Astronomy. 
Find  what  arc  of  the  cncumfeience  of  the  circle  ADQE  is  equal  to  CA,  by 
saying,  $55  :  IL3  :  18O°.    57°.   17'.  44",  8  the  numbei   of  degrees  of  an  aic 
eqnialin  length  to  the  radius  CA  ;  hence  CA  .  CS    57°.  17'.  44",  8    the  degrees 
of  an  arc  equal  to  CS.    Assume  therefoie  the  angle  &CT,  multiply  its  sine 
into  the  degrees  m  CS,<  and  add  it  to  the  angle  &CT,  and  if  it  equal  the  given 
angle  AGD,  the  supposition  was  right,  if  not,  add  or  subtract  the  difference 
to  or  from  the  first  supposition,  accoidnig  as  the  result  is  less  01  greater  than 
21CD,  and  lepeat  the  opeiation,  and  in  a  very  few  trials  you  will  get  the 
accurate  value  of  the  angle  SCT.     The  degrees  in  ST  may  be  most  readily 
obtained  by  adding  the  logarithm  of  CS  to  the  logarithm  df  .  the  sine  of  the 
angle  *SCT  and  subtracting  lOfiom  the  index,  and  the  lemamdei  will  be  the 
logarithm  of  the  degrees  of  ST.     Having  found  the  value  of  AN,  or  the  angle 
AGN,  we  pioceed  next  to  find  the  angle  ASP. 

>  223.  Let  trb<rthe  other  focusy  and  pat  ^C  =  l;  then  by  EucL  B.  II.  P.  12. 
$p*  -  Pv*  =  vS*  4-  VvS  x  vl  ?zvS  +  2vI  x  vS  =  2Cv  +  2  vl  x  2  SC  =  2  CJL 
x2SC;    hence,   SP  +  Pv  '  2G7:  2&C  :  £P-  Pv,  or  2  .  2C/:*25C*  5P- 
2-67j;  01    1  .CI  .:  SC.  5T-1,  and  ^P=l  +C5xC/=  l+C^  x  cos, 
t-ACN.  By  my  Trigon.  Art.  94.     ^l^i^P  =  ten-  i^A^*-     But  SP, 
1+CSxcos.    ACN    »d.=  l  :SI,   or    CS  +  CI,    or    C^^-cos.    ACN  : 
CS+cos.ACN 


01 


+cs  x  CQS- 


CS-  cos.   ACN    l  -CS  +  cos,  ACN  x  C.9  - 


x  cos. 


cos. 


+  C/S  +  cos.   AGN~i+CS  4-  cos.  ACN  x  GST  +  1  = 
x  Sn, 


-t-  cos. 


SA 


CQ 

;  therefore 


*«• 

i  ACN  : 


in  trig). 
cpn* 


seqaentiy  we  get  ASP  the  frw  anomaly. 
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Ex.  Requited  the  tiue  place  of  Mercury  on  August  26,  1740,  at  noon,  the 
equation  of  the  center,  audits  distance  from  the  sun. 

By  M.  de  la  CAILLE'S  Astronomy,  Mercury  was  m  its  aphelion  on  August 
9,  at  6/j.  37.     Hence  on  August  26,  it  had  passed  its  aphelion  led.  17&.  23'; 
therefore ^87rf.   23k.  15'.  32"  (the  time  of  one  revolution)  .  16d.  17A.  23'- • 
360°    68°.  26'.  28"  the  arc  AD,  01  mean  anomaly.     Now  (accoiding  to  this 
Author)  CA     CS:   1011276     211165  (222)  '57°.  17'.  44",8  :  11°.  57'.  50"  = 
43070",  the  value  of  CS  reduced  to  the  arc  of  a  cucle,  the  log.  of  which  is 
4,634174-9.     Also,  68°.  26'.  28"  =  246388".     Assume  the  angle  SCTto  be  60° 
=  216000",  and  the  opeiation  (222)  to  find  the  angle  ACN  will  stand  thus : 
4,6341749 
9,9375306  log.  of    -        -      216000=0 


105 


4,5717055 


4,6341749 
9,9287987 

4,5629736 


4,6341749 
9,9297694 


4,5639443 


4,6341749 
9,9296626 

4,5638375 


37SOO 

253300 
246388 

6912=A 

209088=ra-6=58'.  4'.  48"=c 
36557 

245645 
246388 


743  = 


=589.  17'.  !!"=:< 


36639 

246470 
246388 

82  =/ 

209749  =ie-/=s  58°.  15'.  49"=^ 
36630 


246379 
246388 


VOL.  T. 


9s A/  hence,  as  the  difference 
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between  the  value  deduced  from  the  assumption  and  the  true  value  is  now  di- 
mmibhed  about  9  times  every  operation,  the  next  difference  would  he  l"  ;  if 
therefoie  we  add  k  to  g,  and  then  subtir-ct  l",  we  get  58°.  15'.  57"  for  the  true 
value  of  the  angle  ACN9  the  taxentitc  anomaly.  Hence  (223),  find  the  true 
anomaly  ASP*  fiom  the  propoition  theie  given,  by  loganthms  thus: 


Log.  tang.  29C.  7'.  58"£      -         -       -    9,7461246 
.  A'QssSOOlll       -         -         -       2,9515751 


12,6976997 
£  Log.  SA- 1222441      *         -         -       3,0436141 


Log,  tang.  24°.  16'.  15"        -          -         9,6540856 


Hence,  the  true  anomaly  is  48°.  32'.  30".  Now  the  aphelion  A  was  in  8s.  13°. 
54'.  30"$  therefore  the  true  place  of  Mercury  was  10s.  2°.  27'.  Hence,  68°.  26'. 
28"  -48°.  32'.  30"  =  19°.  53'.  58"  the  equation  of  the  center.  Also,  SP=zl+CS 
x  cos.  L  -40^=1,10985  the  distance  of  Mercury  from  the  sun,  the  radius  of 
the  circle,  or  the  mean  distance  of  the  planet,  being  unity.  Thus  we  aie  able 
to  compute,  at  any  time,  the  place  of  a  planet  in  its  oibit,  and  its  distance  from 
the  sun  ,  and  this  method  of  computing  the  excentnc  anomaly  appears  to  be  the 
most  simple  and  easy  of  application  of  all  otheis,  and  capable  of  any  degree  of 
accuiacy. 


224.  As  the  bodies  at  JD  and  P  departed  from  A  at  the  same  time,  and 
coincide  again  at  Q,  ADQ,  APQ  being  perfoimed  in  half  the  time  of  a  icvolu- 
tion;  and  as  at  A  the  planet  moves  with  its  least  angular  velocity  (by  the  Note 
to  Art.  221  .),  therefore  from  A  to  Q,  or  in  thejf£r*£  6  signs  of  anomaly,  the  angle 
ACD  will  be  greater  than  A!*P9  01  the  mean  will  be  greater  than  the  true  ano- 
inaly  ,  but  fiom  Q  to  A,  or  in  the  last  6  signs,  as  the  planet  at  Q  moves  with 
its  greatest  angular  velocity,  the  true  will  be  greater  than  the  mean  anomaly. 

225-  When  the  excentiicity,  and  consequently  the  angle  NCD,  is  very  small, 
as  in  the  orbits  of  Venus  and  the  Eaith,  JVD,  considered  as  veiy  nearly  a 
straight  line,  Wijlbe  equal  and  paaallelto  S2\  theiefore  SD  is  parallel  to  CN 
and  consequential^  angle  NCD-CDS.  Now  m  the  triangle  DC/V,  we  know 
the  two  sides  DC,  CS9  and  the  included  angle  DCS,  the  supplement  ofDCA; 
hence  we  can  find  the  angle  CDS  01  DCN.  If  the  angle  DCN  do  not  exceed  l£° 
the  conclusion  will  t)e  accurate  to  a  second,  and  if  it  be  greater,  this  method 
will  give  a  near  value  of  it,  and  consequently  we  shall  get  a  near  value  of  the 
au^le  ACN  to  begin  ttofe  operation  with  in  the  method  already  explained,  which 
will  be  better,  peihaps,  than  guessing  at  first  In  our  Example,  the  angle 
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DSC,  or  SCT nearly,  would,  by  this  calculation,  have  been  found  58°.  is',  i", 
whence  ST  would  first  have  been  found  10°.  10'.  12",  and  after  two  more  ope' 
rations  the  accurate  value  would  have  been  obtained,  When  the  angle  DCN 
is  not  very  small,  M.  CASSINI,  in  his  Elements  of  Astronomy,  page  144,  has 
given  the  following  method  of  finding  it. 

226.  Draw  Dz  perpendiculai  to  ST,  and  Tz  is  the  sine  of  the  arc  DN,  con- 
sequentJy  Sx  is  the  diffeience  between  the  arc  I>N  and  its  sine,  or  it  may  be 
considered  as  the  difference  between  the  arc  of  the  angle  CDS  and  its  sine  • 
compute  thelefore  the  angle  CDS  (225),  and  by  the  Mowing  Table  take  out 
the  diffeience  between  the  aic  and  its  sine,  and  say  SD  Sx  .  rad.  :  sin.  SDz, 
which  subtract  fiom  the  angle  SDCand  you  have  the  angle  sDC,  oi  the  alter' 
nate  angle  DCN.  The  rest  of  the  operation  is  the  same  as  before. 


107 


A  TABLE 

Showing  the  Diffeience  between  the  Arcs  of  a  Circle  and  their  Sines, 
»  Radius  being  10000000. 


Arc 

Dif 

Aic 

Dif 

Arc 

Dif 

Arc 

Dif 

1°.  06 

g 

4°.  06 

567 

7°.  06 

8037 

10°.  06 

8848 

10 

15 

10 

641 

10 

3259 

10 

9299 

20 

23 

20 

720 

20 

3492 

20 

9755 

30 

31 

30 

807 

30 

3734 

30 

10235 

40 

42 

40 

900 

40 

3989 

40 

10730 

50 

56 

50 

1000 

50 

4255 

50 

11241 

2.  OO 

Yl 

5.  00 

1108 

8.  00 

4532 

11  .  00 

11767 

1O 

90 

10 

1222 

10 

4822 

10 

12312 

20 

113 

20 

1344 

20 

5122 

20 

12873 

30 

139 

30 

1474 

30 

5485 

30 

13450 

40 

169 

40 

1613 

40 

5761 

40 

14042 

50 

203 

50 

1759 

50 

6100 

50 

14654 

3.  00 

239 

6.  00 

1913 

9.  00 

6450 

12.  00 

'1<5278 

10 

281 

10 

2077 

10 

6815 

10 

15921 

20 

328 

20 

2255 

20 

7194 

20 

16585 

SO 
40 
50 

380 
437 
499 

30 

40 
50 

2432 
2625 

2827 

30 
40 
50 

7585 
7985 
8404 

SO 
40 
50 

17266 
17964 
18680 

no 
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Ex*  To  find  the  true  anomaly  of  Mercury,  the  mean  being  60°, 

Let  the  mean  distance  of  Meicuiy  be  10000O,  and  the  excentncity  CS  will 
be  20878,  accoiding  to  CASSINI;  hence,  in  the  tuangle  DCS,  7X7=100000, 
C9=20878,  and  the  angle  DC#=120%  therefoie  7)6=1  119O5,  and  the  angle 
/£DC=90.  1*7'.  52",  corresponding  to  which  we  find,  in  the  Table,  the  value  of 
S*=7120,  hence,  1119O5  :  71*:'iad.  :  sin.  L  SZ)*=2'.  11",  which  subtracted 
from  9°.  17'.  52"  leaves  9°.  1  5'.  41"  t  for  the  angle  DON,  which  subtracted  fiom 
60°  <nves  50°.  44'.  19"  for  the  angle  NCA.  Hence, 

Log.  tan.  25°.  22'.  9"          -  9,6759392 

|  Log.  £Q=79122         .....         2,4491486 


12,125087$ 
J  Log.  &4=1 20878    .     -     -     -    2,5411738 

Log.  tan.  20°.  59'.  18"    -  9,5839140 

Theiefore  the  true  anomaly  is  41°.  58'.  36".     Hence,  the  equation  of  the  cen-< 

ter  is  18°.  I'  24".  . 

These  mdiiect  methods  of  finding  the  equation  of  the  planet's  cefltei  aie,  in 
geneial,  more  ready  foi  practice  than  any  of  the  direct  methods. 

227.  The  method  ascribed  by  some  Wnteis  to  SETH  WABD,  Professor  of 
Astionomyat  Oxford,  and  published  in  1654,  although,  as  M.  de  la  LANJDE 
obseives,  it  is  given  both  by  WARD  and  MERCATOR  to  BULLJALDUS,  is  less  ac- 
curate than  these  we  have  already  given  ,  yet  as  it  may,  in  many  cases,  seive 
H0      as  a  useful  approximation,  it  deserves  to  be  mentioned.     He  assumed  the  an- 
47!     gular  velocity  about  the  other  focus  y  to  be  unitbimt,  and  theiefbrc  made  it 

*  Bv  the  Table  7120  is  the  difference,  if  the  ladnib  he  10000000,  but  as  the  udius  hcie  is  1 00000 
the  difference  will  be  only  71 

f  Foi  the  utmost  exactness,  we  should  take  Sz  ecu cs ponding  to  9°  15'  41"  instead  of  9  17  S3''* 
but  the  diflkrencx  is  too  small  to  be  worth  notice  

J  That  tlnbib  not  tiuc  may  be  thus  shown  With  the  center  Sand  rod  ms  SW~*/A('X.Cti  describe 
the  circle  xW,  then  the  area  of  tins  circle =are<i  of  the  ellipse,  let  a  body,  moving  uniformly  m  it, 
make  one  revolution  m  the  same  time  the  body  does  in  the  ellipse ,  and  let  the  bodies  set  ofl  at  the  same 
timefiom^  and*,  and  describe  AP,  zv,  in  the  bame  time ,  then  the  ^.a&i*.  the  »/«*/*,  and  AHP  the  tiuc 
anomaly  Draw  pS  Definitely  neai  to  PS,  and  Pi ,  po  perpendicular  to  Sp,  Fl> ,  then  Pr  =  Po  Now 
the  jLPPf  varies  as  £2  —  ~  but  m  a  given  time  the  area  PSp  is  given,  Pr  varies  as  .-- ,  hence,  the 

jLPFp,  desciibed  in  a  given  time,  vanes  a&  ....  l       ,  which  is  not  a  constant  quantity,    Also,  PS : 
*  1  b  X  Pb 

PF    LfPp  ( T^ ^^     LPSp  (-— 0    ^^  ^  ^e  *^ote  t0  Alt  ^^  as  e<^Ual  arca<*  ttrC  clcqcri^e(^ 

V  PJ?  x  PSJ  \P&J 

m  equal  times  in  the  click  and  ellipse  about  S,  the  angulai  velocity  about  S  in  the  circle  become* 
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repiesent  the  mean  anomaly.    Pioduce  vP  to  r,  and  take  Pr*=PS;  then  in  the 
tuangle  Svr,  rv  +  vS:rv-vS  .tan.  $.  L  >vSr  +  vrS  :  tan,  f^ttto—wtf,  now 

and     .rp-^' 


,  and  £.  /:  nA'r-  wtf  =  (as  Pr=PS)  %.- 

=£  LASP-,  hence,  the  aphehon  distance  :  pentieUon  distance  .:  tan.  of%  the  mean 
anomaly  tan.  $  true  anomaly.  This  is  called  the  smple  elhpttc  Iiypothem,  and 
was  used  by  Dr.  HALLE  Y  in  constituting  his  Tabula  pro  expediendo  calcuk 
vequationis  centu  Lurus  In  the  Oibit  of  the  eaith,  the  eiror  is  never  greater 
than  17",  m  the  oibit  of  the  moon,  it  may  be  1'.  35".  By  this  hypothesis,  foi 
90°  horn  aphelion  and  perihelion,  the  computed  place  is  backyarder  than  the 
true  ,  and  for  the  othei  pait  it  is  forwarder. 

228.  Although  the  mdiiect  methods  above  explained  are,  in  general,  the     PIG. 
best  for  practice,  yet  as  the  Readei  may  wish  to  see  the  direct  method  of  solv-     46.' 
ing  the  Problem,  we  shall  give  that  of  Dr.  KEILL  j  as  being  the  most  simple 
and  which  may  frequently  be  applied  with  advantage.     Let  the  aic  NJD=y, 
e=the  sine  of  AD,f=the  cosine,  SC=g.     Then  by  tngonometiy,  the  sine 
=y-^+  &c.  and  cosine  =  1  -     +  j_  _  &c.  hence,  the  sine  of  AN 


=«-/^—-+       +         -&c.      Also,    rad.=  l:sm.  AN  01 
i  ND  ^e-- 


=  d,  &c.  hence,  z=ay+fy*-cy3-dy++  Sec.  and  by  the  reversion  of  series, 

,    ,  ,    ge    %    ,       %      H 
.  but  5==-,  d=-         &c. 


theicfore  y=*-JL-  4-^L -±±_  &c.  If  the  arc  AN  be  gieatci  than  90°  and 
less  than  270°, / becomes  negative,  and  theiefoie  gf  01  cwill  be  negative; 
hence,  y=*-2-  -CJL  +  ^L  &c.  Now  to  reduce  the  value  of  y  into  degrees, 
we  know  that  an  arc  equal  to  radius,  or  unity,  is  equal  to  57,29578  degrees 
=  r,  hence,  J  r  .J-—-,  +~ -&c.  :  the  degrees  of  the  arc  #=^-££!  + 

-£-  -  &c.    For  the  orbit  of  the  earth,  the  first  term  will  be  sufficient,  not  dif- 

— s  Hence,  the  angular  velocity  about  F  is  gi  eatci  or  less  than  the  mean  angular  velocity,  accord- 
ing as  /'J  x  PS  ib  lesb  or  Beater  than  SW*,  01  than  ACxCE  Also,  the  angular  velocity  about  F  is 
the  same  in  similar  points  of  the  ellipse  m  respect  to  the  center,  01  At  equal  distances  fiom  the  center. 
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fenng  from  the  truth  the  ten  thousandth  part  of  a  degree.    In  other  cases  it 
may  he  necessary  to  take  more  terms. 

Ex,  Let  the  excentncity  of  the  earth's  orbit  be  0, 01691,  the  mean  distance 

being  =  1,  and  the  mean  anomaly  30° ;  to  find  the  true  anomaly. 

Log.  of  g  .  _  .  8,2281436 

Log.  sin.  of  e=  30°         -         ..         -        9,6989700 

Log.  of  r  -         -       ^-         -       1,7581226 


Log.  of  rge,  or  rz        -        -        -        9,6852362 
Log.  of  a 0,0063137 


Log.  of  ^         -         ,         ,          .         9,6789225  .  .  the  natuial 

Uf 

nuniher  conespondzng  to  which,  being  a  decimal,  is  O°,  47744=28'.  38"=y> 
which  is  true  to  a  second ;  therefore  AN=29°.  Sl\  22",  hence, 
Log.  tan.  14°.  45'.  41"          «          -          9,4207651 
4-  Log.  *SQ=98309         -         -         -        2,4962966 

11,9170617 
i  Log.  £4=101691         ~         -         ,        2,5031412 


Log.  tan.  14°.  32'.  25"  -          -          9,4139205 

Hence,  the  true  anomaly  is  29°.  4'.  5O",  consequently  the  equation  of  the 
center  is  55".  10". 

229.  When  P  and  D  are  veiy  near  A,  the  vanation  of  PS  will  be  very  small 
now  hy  the  Note  to  Art.  221.  the  angulai  velocity  of  P  at  A  about  S    angular 

™Wi+xr  *#  n  oU™*  r.  .  area  des.  hy  P     area  des.  by  D        ,  ,,       „       , 
Telocity  ol  JJ  about  Cr  -  ^  J  —  :  ,  —  /  —  ,  and  therefoie  the 


gular  velocities  "will  he  nearly  in  a  given  ratio  so  long  as  P  is  neai  to  A}  hence, 

the  difference  of  the  angular  velocities  must  vary  nearly  as  the  angulai  velocities 

themselves;  that  is,  the  equation  of  the  centei  vaiies  nearly  as  the  angulai  velo- 

city ofP  about  S,  or  as  the  true  anomaly.  The  same  is  tiue  at  the  pcuhelion  Q. 

230.  The  greatest  equation  of  the  center  may  be  easily  found  from  the  Note 

no.     Art  227j  giving  the  dimensions  of  the  oibit.    Foi  as  long  as  the  angulai  velo- 

48,     city  of  the  body  in  the  ciicle  is  greater  than  that  in  the  ellipse  about  S,  the 

equation  mil  keep  increasing,  the  bodies  setting  out  from  A  and  %  ,  and  when 

they  "become  equal,  the  equation  must  be  the  greatest;  this  theiefoie  happens 

*       >  or  wheu  -4CxCE  =  5P*,  hence,  SP  is  known, 


.4C   X 

Let  SW  represent  the  -value  of  SP;  then  as  we  know  8W9  FW  (=2  AC-  SW) 

6 


AN  ELLIPSE  ABOUT  THE  FOCUS. 

will  be  known,  and  as  SF  is  known,  we  can  find  the  angle  FSW  the  true  ano- 
maly*.   Hence  (223),  </&$   </SA  .ten.  %  true  anom.    tan.  |  earn  anom.     FIG. 
ACN  or  tan.  £  6'C7";  and  as  we  know  SC,  we  can  find  ST  or  ND;  and  to      46. 
convert  that  into  degrees,  say,  rad.  =  l  .  ND'.SI0.  17'.  44",8  :  the  degrees  m 
ND,  which  added  to,  or  subtracted  from,  the  angle  ACN  gives  ACD  the  mean 
anomaly,  the  difference  between  which  and  the  true  anomaly  is  the  greatest 
equation     Thus  we  may  find  the  equation  at  any  other  time,  given  SP.    Oi 
the  cos.  ACN  may  in  general  be  found  thus.    By  Art.  223.  SP=  i  +  CS  x  cos. 

\  P_  i 
ACN;   hence,  cos.  ACN=:  —  ^—  j  consequently  log  .  cos.  A  C2V=  log.  &P  -  1 

-log.CS. 

231.  The  excentncity,  and  consequently  the  dimensions  of  the  orbit,  may  he 
found  fiom  knowing  the  greatest  equation.  For  (230)  the  gieatest  equation  is 
when  the  distance  is  a  mean  between  the  semi-axis  major  and  minor,  and  there- 
fore  m  orbits  nearly  circular,  the  body  must  be  nearly  at  the  extremity  of  the 
minor  axis,  and  consequently  the  angle  NCA  or  SCT  will  be  nearly  a  light 
angle,  therefore  xS/'is  neajly  equal  to  SC;  also  NSA  will  be  very  neaily  equal 
to  PSA.  Now  the  angle  NCA  -  NSA  or  PSA  =  SNC,  and  DC  A  -  NCA  =  * 
DC  N;  add  these  togethei  and  DC  A  -  PSA  =DCN+SNC,  which  (as  NC  is 
nearly  parallel  to  DfJ)  is  nearly  equal  to  2DCN,  that  is,  the  difference  between 
the  true  and  mean  anomaly,  or  the  equation,  is  nearly  equal  to  twice  the  arc 
DN,  or  twice  ST,  or  very  nearly  twice  SC.  Hence,  57°.  17'.  44",8  :  half  the 
gieatest  equation  :rad.=  i  :  SCthe  excentncity.  But  if  the  orbit  be  consi- 
derably excentnc,  to  this  excentncity  compute  the  greatest  equation  ,  and  then, 
as  the  equation  varies  very  nearly  as  SC,  say,  as  the  computed  equation  :  ex- 
centncity found  "given  greatest  equation  true  excentrieity. 

Ex.  If  we  suppose,  with  M.  de  la  CAILLE,  that  Mercuiy's  gieatest  equation 
is  2*°.  3'.  5",  then  57°.  17'.  44",8  :  12°.  l'.  32",5  ..  l  ,209888  the  excentncity 
veiy  neaily  Now  the  gieatc&t  equation  computed  from  this  excentrieity  is 
23°.  54'.  28",5;  hence,  23°.  54'.  28",5  :  24°.  3'  5"  .,209888  ,211165  the  true 
excentncity.  M.  de  la  LANDE  makes  the  greatest  equation  23°.  40',  and  the 
excentncity  ,207745. 

232.  The  converse  of  this  Problem,  that  is,  given  the  excentrieity  and  true 
anomaly  to  find  the  mean,  may  be  very  leadily  and  directly  solved.  The  ex- 
centncity being  given,  the  ratio  of  the  major  to  the  minor  axis  is  Icnownt, 
which  is  the  latio  of  NIto  />/,  hence,  the  angle  ASP  being  given,  we  have 
WS—  SF,lhcD(T»ig  Ait  131),  wn  \FSW-  ^' 


co  log   WS+       <  SF). 

t  For  as  AC,  CS  are  known,  we  have  GC=  \sSG*—SCizz  */AC*—SC*. 
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PI:NI:  '.  tan.  ASP  tan.  ASN,  theiefoie  in  the  tuangle  tfCS,  we  know  NC, 
CS  and  the  angle  CSN,  to  find  the  angle  SCN,  the  supplement  of  which  is  the 
angle  ACN  or  SCT,  hence,  m  the  light  angled  tuangle  81  C,  we  know  SC  and 
the  angle  SCT,  to  find  ST,  which  is  equal  to  ND  the  aic  measunng  the  equa- 
tion, which  may  be  found  by  saying,  Radius  .  ST  57°.  17'.  44",8  the  degrees 
,  which  added  to  ACN  gives  ACD  the  mean  anomaly. 


To  Jind  tte  hourly  Motion  of  a  Planet  in  its  Orht>  having  gvcen  the  mean 

howrly  Motion. 

233.  The  hourly  motion  of  a  planet  in  its  oibit  is  found  immediately  from 
no.      the  Note  to  Art.  227,  foi  it  appeals  from  thence,  that  the  angles  PSp,  Wlto* 
48-     described  by  the  body  at  P  m  the  ellipse  and  the  body  W  in  the  circle  in  the 
same  tame  aie  as  SW1  :  SP\  or  as  ACxCE    SP1,  hence,  PSp  =  WSwx 

AC  x  CJE   ^  hourly  motion  of  a  planet  m  its  orbit,  the  angle  WSw  being  the 

SP* 

mean  motion  of  the  planet  in  an  hour.  For  extieme  accuracy,  SP  must  be 
taken  at  the  middle  of  the  hour.  Thus  we  may  easily  compute  a  Table  of  the 
houily  motions  of  the  planets  in  their  orbits. 

To  fold  the  hourly  Motion  of  a  Planet  in  Latitude  and  Longitude. 
MG          2S4.  Let  AD  be  the  ecliptic,  AE  the  oibit  of  the  planet;  and  let  Bm  lepre- 
49]     sent  the  houily  motion  in  the  orbit,  draw  the  great  ciicles  BC,  mo  peipendicu- 
lar  to  AD,  and  the  small  circle  Bn  parallel  to  AD.    Now  by  plane  tngonom. 
Bm  :  Bn'  lad.  :  sin.  Bmn  or  ABC,  and 
Bn  ,  Co  •  cos.  BC  ,  rad.  (13) 

—        .      _,  _rt     cos.  A          ,  ,_„,.  .» 

.\Bm  :  Co  ::  cos.  BC  .  sin.  ABC,  but  sin.  ABC=—BC  ;  and  (288)  if  a= 

the  semi-axis  major,  b  the  semi-axis  miuoi  of  the  orbit,  ^=the  distance  of  the 
planet  from  the  sun,  0= the  mean  hourly  motion,  then  Bm=vxa-+,  hence, 


cos,  incl.  orb,  to  eel   ^  hourly.  motlon  m  Longitude, 

cos.  fat.* 

Also  Bm  :  urn  •:  rad.  .  cos.  Bmn  01  ABC  '  (because  cos.  B  =  cotan.  AB  x 
tan.  BC  divided  by  lad.)  iadl.  .  cotan.  ^J5xtan.  BC,  hence  (radius  being- 
unity),  »m=04x^xwtan,4Bxtan.SC=wx^x«fc  pkn.  dut.  node  x  tan. 

]at.  the  hourly  motion  in  Latitude,    Hence  we  may  constiuct  Tables  of 
Dourly  motions  of  the  planets  both  m  longitude  and  latitude. 


CHAP.  XI. 

ON  THE  OPPOSITIONS  AND  CONJUNCTIONS  OF  THE  PLANETS 

Ait.  235.  J.HE  place  and  time  of  the  opposition  -of  a  supcuoi  planet,  01 
conjunction  of  an  infenoi,  aie  the  most  impoitant  obseivations  foi  de- 
tei  mining  the  elements  of  the  oilrit,  because  at  that  time  the  obseived  is 
the  same  as  thetiue  longitude,  or  that  seen  from  the  sun ;  wheicas  if  obseiva- 
tions be  made  at  any  othei  time,  we  must  reduce  the  obseived  to  the  true  longi- 
tude, which  requues  the  knowledge  of  then  relative  distances,  and  which,  at 
that  time,  aie  supposed  not  to  be  known.  They  also  furnish  the  best  mean's  of 
examining  and  correcting  the  Tables  of  the  planets  motions,  by  comparing  the 
computed  with  the  observed  places. 

236.  To  determine  the  time  of  opposition,  observe,  when  the  planet  comes 
veiy  near  to  that  situation,  the  time  at  which  it  passes  the  meiidian,  and  also 
its  light  ascension  (118  01  122),  take  also  its  meiidian  altitude  ;  do  the  same 
for  the  sun,  and  icpeat  the  observations  for  seveial  days.    Fiom  the  observed 
meiidian  altitudes  find  the  declinations,  and  from  the  right  ascensions  and 
decimations  compute  (124)  the  latitudes  and  longitudes  of  the  planet,  and 
the  longitudes  of  the  sun.    Then  take  a  day  when  the  diffeience  of  then  longi- 
tudes is  nearly  180°,  and  on  that  day  leduce  the  sun's  longitude,  found  from 
obseivation  when  it  passed  the  meiidian,  to  the  longitude  found  at  the  time  (?) 
the  planet  passed,  by  finding  from  observation,  or  computation,  at  what  rate 
the  longitude  then  mci eases.    Now  in  opposition  the  planet  is  letiograde,  and 
thercfoie  the  difference  between  the  longitudes  of  the  planet  and  sun  mcrea'se  bv 
the  sum  of  then  motions.     Hence  the  following  Uule,  As  the  sum  of  then- 
daily  motions  in  longitude    the  diffeiencc  between  180°  and  the  difference  of 
their  longitudes  i educed  to  the  same  time  (0,  (subtracting  the  sun's  longitude 
fiom  that  of  the  planet  to  get  the  diffeience  i  eckoned  Aoux  the  Mm  according  to 
the  oidei  of  the  signs) ::  24rt.  :  interval  between  that  time  (0  and  the  ume  of 
opposition.    This  mteival  added  to  01  subtracted  fiom  the  time  (/),  according 
as  the  diffeience  of  theii  longitudes  at  that  time  was  gieatei  01  less  than  180° 
gives  the  time  of  opposition.     If  this  be  repeated  foi  several  days  and  the  mean 
of  the  whole  taken,  the  tune  will  be  had  more  accmately.     And  if  the  time  of 
opposition  found  from  obseivation  be  compaied  with  the  time  by  computation 
fiom  the  Tables,  the  diffci  encc  will  be  the  cnoi  of  the  Table?,  which  may  serve 
as  a  means  of  collecting  them. 

Ex.  On  October  24,  1763,  M.  de  la  LANDE  obseived  the  diffeience  between 
the  light  ascension  of  0  Aries  and  Saturn,  which  passed  the  meridian  at 

VAT..    T  ~ 
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17'  17"  appaient  time,  to  be  8°.  5'.  7",  the  stai  passing  fiist.  Now  the  apparent 
rfelit  ascension  of  the  stai  at  that  tame  was  25°.  24'.  33",6,  hence,  the  appaicnt 
ii'ht  ascension  of  Saturn  was  1s.  3°.  29'.  40",6  at  ISA.  17'.  17"  apparent  tame, 
01  12*  1'  37"  mean  ^me.     Ol1  thc  same  <**?  lle  found>flom  obseivation  ot  tlie 
memlian  'altitude  of  Saturn,  that  its  declination  was  10°.  35'.  20"  N.    Hence, 
fiom  thc  i«?ht  ascension  and  declination  of  Saturn,  its  longitude  is  found  to 
be  Is   4°  50'  56",  and  latitude  2°.  43'.  25" 'south.    At  the  same  time  the  sun's 
longitude  was  found  by  calculation  to  be  7°.  1°.  1*  22",  which  subtracted 
from  I8.  4°.  50-.  56"  gives  6'.  3°.  31'.  34";  hence,  Saturn  was  8°.  81'.  34  beyond 
opposition,  but  being  retrograde  must  afteiwards  come  into  opposition.    Now, 
from  the  obseivations  made  on  several  days  at  that  time,  Saturn's  longitude  was 
found  to  deciease  4'.  SO"  m  24  horns,  and  by  computation  the  sun's  longitude 
mci eased  59'.  59"  m  the  same  time,  the  sum  of  which  is  64'.  49"  j  hence,  64. 
49"     3°   31'  34" '.24//.     78/i.  20'.  20",  which  added  to  Octobei  24,  12/i.  1.37 
*  ewes  27d.  18L  21'.  57"  foi  the  time  of  opposition.     Hence  *e  may  find  the 

longitude  of  Saturn  at  the  toe  of  opposition,  by  saying,  24A  :  78*.  20.  20  : 
4'  50"  15'  47"  the  retrograde  motion  of  Satuin  in  78/j.  20.  20  ,  which  sub- 
tr'actecUrom  1s.  4°.  50'.  56"  leaves  1s.  4°.  35'.  9"  the  longitude  of  Saturn  at  the 
tune  of  opposition.  In  like  manna  we  may  find  the  sun's  longitude  at  the 
same  time,  m  oider  to  provethe  opposition,  hence,  art.  78/i.  20.  20  :•  59. 
59"  •  3°  15'  47",  irtuch  added  to  7s.  1°.  19'.  22",  the  sun's  longitude  at  the 
time  of 'observation,  gives  7s.  4°.  35'.  9"  foi  the  sun's  longitude  at  the  tuno 
of  opixMttion,  which  is  exactly  opposite  to  that  of  Satuin.  Hence  also  we  may 
find  the  hlrtiulo  of  Saturn  at  the  same  time,  by  observing  m  like  nunnet  the 
daily  variation,  01  by  computation  fiom  the  Tables  after  thc  elements  of  its 
motions  arc  known  and  the  Tables  conducted ,  by  *hich  it  appeals,  that  in 
the  iRMiiral  between  the  tinw  of  observation  and  opposition  the  latitude  hart 
increased  6",  and  «»ase<luentJ&tlic  latitude  was  2°.  43'.  31". 

287     Tins  is  thc  method  which  ib  now  made  use  of  to  determine  the  tune  ot 
opposition  of  the  planets.    The  method  used   by  T*cno,  HKVBLHT»  and 
'*  IfcAKSTflAD  was  the  same,  except  that  they  detei  mined  the  latitude  and  1'ougi- 

tude  of  the  planet  fk«n  obseiving  its  distance  from  two  known  fixed  stai s,  int 
JIG.    the  following  manner.    Let  P  be  the  pole  of  the  ecliptic,  a  and  b  the  two  stars, 
50-     wflie^ltoet;  then  observe  m,  nb.    Also,  Pa,  Pb  the  complements  ot  the 
Mto(les  of  a  and  b,  and  the  angle  aPb  the  difference  of  then  longitudes,  are 
known  fto,m  which  find  a6<aml  the  angle  Paft,  then  in  thc  tiunglo  amb 
we  know  att  the  sides  to  find  the  angle  mob,  which  added  to  or  subtiacted  from 
the  an*le  Fab,  according  to  the  position  of  m,  gives  the  angle  Pam ;  hence,  M 
the  tiitngle  Pam,  we  know  Pa,  am  and  the  angle  Pam,  to  find  fm  the  comple- 
ment of  the  planet's  latitude,  and  the  angle  aPtn  the  diffeieucc  between  the 
longitudes  of  the  planet  and  the  star  «.     Thus  aL>o  may  the  place  of  any  new 
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phenomenon,  as  a  comet,  be  deteimincd,  if  you  have  not  an  oppoitumty  of 
observing  its  light  ascension  and  declination,  which  howcvei  is  the  most 
accurate  method. 

238.  The  place  and  time  of  conjunction  of  an  infeiioi  planet  may  be  found 
in  like  manner,  when  the  elongation  of  the  planet  from  the  sun,  near  the  time 
of  conjunction,  is  sufficient  to  icndei  it  visible  ,  the  most  favouiable  tunetheie* 
lore  must  necessarily  be  when  the  geocentric  latitude  of  the  pla.nct  at  the  time 
of  conjunction  is  the  greatest  In  the  year  1689,  Venus  was  in  its  mfeiioi 
conjunction  on  June  25,  and  it  was  obscived  on  21,  22,  and  28  ;  tioni  which 
obseivations  its  conjunction  was  found  to  bo  at  I9h.  46'  apparent  time  at  Pans, 
in  longitude  ©  4°.  53'-  40",  and  latitude  3°.  1'.  40"  noith.  The  time  and  place 
of  the  supenoi  conjunction  may  be  also  thus  obsoivcd,  when  the  state  of  the 
an  is  very  favourable  ;  for  as  Venus  is  then  about  six  times  as  far  from  the  eaith 
as  at  its  mfeuor  conjunction,  its  apparent  diametei  and  the  quantity  of  light 
which  we  receive  from  it  are  so  small,  as  to  render  it  difficult  to  be  peiceived. 
But  the  most  accurate  method  of  observing  the  time  of  an  mfenoi  conjunction 
both  of  Venus  and  Mercuiy  is  fiom  observations  made  upon  them  m  their 
transits  ovei  the  sun's  disc.  Tins  we  shall  explain,  when  we  come  to  tieat  on 
tlutt  subject 


CHAP.  XIL 

ON  THE  MLAN  MOTIONS  OF  THE  PLANETS 

Ait.  239.  THE  determination  of  the  mean  motions  of  the  planets,  fiom  thcfr 
conjunctions  and  oppositions,  would  veiy  readily  follow,  if  we  knew  the  place 
of  the  apheha  and  excentncity  of  their  orbits ,  for  then  we  could  (223)  find  the 
equation  of  the  prbit,  and  reduce  the  true  to  the  mean  place.    The  mean  places 
being  determined  at  two  points  of  time  give  the  mean  motion  coriespondmg  to 
the  interval  between  the  times.    But  the  place  of  the  aphelion  is  best  fixed  fiom 
the  mean  motion*    To  determine  thcrcfoie  the  mean  motion,  independent  of 
the  place  of  the  aphelion,  we  must  seek  far  such  oppositions  01  conjunctions  as 
fall  very  neatly  in  the  same  point  of  the  Heavens ;  for  then  the  planet  being 
nearly  in  the  same  point  of  its  olbit,  the  equation  will  be  very  nearly  the  same 
at  each  ob&eivation,  and  therefore  the  comparison  between  the  tiuc  places  will 
be  nearly  a  comparison  of  their  meat!  places.     If  the  equation  should  differ 
much  in  the  two  observations,  it  must  be  considered.    Now  by  compaimg  the 
modern  observations,  we  shall  be  able  to  gsfc  nearly  the  time  of  a  revolution  ; 
and  -then  by  comparing  the  modern  with  the  ancient  observations,  the  mean 
motion  may  be  veiy  accurately  determined ,   for  any  eiror,   by  dividing  it 
amongst  a  gicat  nutnbei  of  revolutions,  will  become  very  small  in  respect  to  one 
revolution.     As  this  will  be  best  explained  by  an  example,  we  shall  give  one 
jrojn  M.  CAhSiNi  (Eton.  cPAstron.  pag.  362),  with  the  piopei   explanations 
«4b  we  piocccd. 

Ex*  On  Septembei  16,  1701,  tialwrn  was  in  opposition  at  2*.  when  the  place 
of  the  sun  wasuji,23°.  21'*  16",  and  consequently  Saturn  in  x  23°.  21A.  16",  with 
2°.  27'.  45"  south  latitude.  On  Keptcmbei  10,  1730,  the  opposition  was  at 
ISA.  27'  and  Saturn  mx  17°.  53'.  57",  with  2°,  19'.  6"  south  latitude.  On  Sep- 
tomber  23,  1731,  the  opposition  was  at  1,57*.  51'  in  rO°.  SO7.  50",  with  2°.  36'. 
&5"  south  latitude.  Now  the  interval  of  the  two  fiist  obseivations  was  29  years 
(of  which  7  were  bissextiles)  wanting  5d  ISA.  33',  and  the  interval  of  the  two 
last  was  ly*  I3d~  3h*  24'.  Also,  the  cliffeience  of  the  places  of  Saturn  in  the 
two  filst  observations  was  5°.  27'.  19%  and  in  the  two  last  it  was  J2°.  36'.  53". 
Hence,  in  10. 13d.  «//.  24'  Saturn  had  moved  ovei  12°.  36'.  53";  therefore  12°, 
86'.  55*  :  5°,  27'.  19"*  ly.  13<f.  3/z.  24'  ;  163£  12/*.  41'  the  time  of  moving  over 
5°.  27'-  19"  veiy  nearly,  because  Saturn,  being  neaily  m  the  same  part  of  its 
orbit,  will  move  nearly  with  the  same  velocity  ,  this  therefoie  added  to  the  111- 
of  time  between,  the  two  fust  observations  (because  at  the  second  obser* 
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vatlon  Satran  wanted  5°.  27'.  19"  of  being  up  to  the  place  at  the  first  obseixationj 
gives  29  common  years  164<</.  23h.  8'  foi  the  time  of  one  revolution.  Hence 
say,  29y.  16M  23A.  8'  ;  365d.  ••  360°  :  12°.  1S;.  23".  50'"  the  mean  annual*  mo- 
tion of  Saturn  in  a  common  yeai  of  365  days,  that  is,  the  motion  in  a  yoai  if  it 
had  moved  uniformly.  If  we  divide  this  by  365  we  shall  get  2'.  0".  28'"  for  the 
mean  daily  motion  of  Satin  n.  If  we  had  lalven  the  mean  annual  motion  of  Sa- 
turn answering  to  12°.  36'.  53"  in  ly.  13d*  3h«  24',  it  would  have  been  found 
12°.  10'.  35",  which  differing  only  about  3'  from  the  titic  motion,  it  follows  that 
Saturn  was  then  moving  with  its  mean  velocity,  veiy  nearly,  and  consequently 
was  veiy  neai  its  mean  distance.  The  mean  motion  thus  deteimmed  will  he 
sufficiently  accuiate  to  determine  the  numbei  of  i  evolutions  which  the  planet 
must  have  made  when  we  compaie  the  modern  with  the  ancient  observations, 
in  older  to  deteimme  the  mean  motion  more  accurately. 

The  most  ancient  obseivation  which  we  have  of  the  opposition  of  Saturn 
was  on  March  23  in  the  year  228  before  J.  C.  at  one  o'clock  in  the  afteinoon 
in  the  meridian  of  Pans,  Satuin  being  then  in  irji  8°.  ^23',  with  2°.  50'noith  lat. 
On  Febimry  26,  1714,  at  8//.  15',  Saturn  was  found  in  opposition  in  tip,  7°. 
56'.  4?6",  with  2°  3'  noith  lat.  Fiom  this  time  we  must  subtract  11  days,  in 
01  dei  to  reduce  it  to  the  same  style  as  at  the  fiist  obseivation,  and  consequently 
this  opposition  happened  on  Febmaiy  15,  at  8/j.  15'.  Hence,  the  difference 
between  these  two  places  ^  as  only  26'*  14".  Also,  the  opposition  in  17  15 


*  If  a  be  the  mean  place  of  a  planet  ni  its  oibit,  and  b  the  mean  place  at  the  interval  of  a  year  (ab      FIG. 
1)emc»  the  cider  of  the  M^rw),  then  ab  is  called  the  itieaa  annual  motion,  the  number  of  complete  icvo-       51  9 
Jutions  being  rejected,  if  the  planet  have  made  one  or  moic  revolutions     Hence,  if  to  the  mean  place 
of  a  planet  at  the  beginning  of  any  year  we  add  the  mean  annual  motion,  it  gne*  the  mean  place  at  the 
beginning  of  the  next  ytai,  i  ejecting-  S60°  if  the  sum  be  greater     The  mean  animal  mr^iou  is  tL>t 
belonging  to  a  common  year  of  365  days  ,  theieloie  foi  a  bissextile  we  must  add  the  mean  motion  of 
1  day  m  order  to  get  the  mean  annual  motion  foi  that  yeai      In  like  mannci,  if  a  and  b  be  the  mean 
places  at  the  mtcnal  of  100  ycais  containing  25  bissextiles,  al)  is  called  the  mean  Kculw  motion, 
\\lmh  addocl  to  the  mean  place  ol  a  planet  at  the  lx  ^nmuig  of  any  yeai,  5  ues  the  mean  pldie  at  tin 
<»nd  of  the  100th  ^eai  liom  that  tune     Foi  instance,  the  mean  annual  motion  of  Man  is  (>    11°  17'' 
K)v,  audits  mean  place  at  the  beginning  ofl7«^  -\uis  9fl  17°,  32'  39'',  to  this  thorefoie  add  6s  11° 
IT   10"  aiid(ii)cctuift  360°)  we  get  3s  28°  39'  3§",  the  uu  an  place  at  Ihe  beginning  of]  790     As 
the  mean  daily  motion  of  Mai  6  i*  $1'  2?^  the  mean  animal  motion  in  a  year  of  366  dayb  is  6s  11° 
48'    37"     Now  in  a  bi^extile,  the  ytai  begin*  on  January  1^  at  noon,  but  in  the  common  years  it 
be  gins  on  December  SI  ,  at  noon,  by  the  ci\  il  ace  onnt  ,  tbcrclot  o  the  yea)  ft  u  eding  the  bibsextile  lias  366 
days  in  the  A&tionomical  TaWeb     Hen<  <»,  at  the  beguHung  of  1787,  the  mean  place  of  Mms  bcmi»  8\ 
a4r°  10'  43",  and  the  next  year  being  bi^txtilc,  if  we  add  6\  11°   48.  37''  it  gives  S"  6°  ,V  20"  foi 
the  mean  place  at  the  beginning  ot  178S     The  mean  wulai  motion  of  Mars  ib  2    1°  42'  10",  winch 
added  to  11s  22°  2;.  49"  the  mean  place  of  Mais  at  the  beginning  of  the  yeai  1400,  will  ^ive  1s  23° 
44'  59"  the  mean  place  at  the  beginning  of  tlit  year  1500,     If  the  100  \c.irs  contain  only  24  biacx- 
tales,  a.s  may  soractinacb  happen,  the  mean  seculai  motion  will  be  2s    1°.  10'    43"     But  of  thw  we 
&d\l  have  to  say  niore^  v^hcri  we  treat  of  the  CorihUnenoii  of  the  Tables  of  the  Planets  motions, 
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,"  -on  March  11,  af  167/.  55*,  Saturn  being  then  m  nji  21°.  3'.  14",  with  2°.  2J^ 

aoith  lat.    Now  between  the  two  first  oppositions  theie  were  1942  yeais  (of 

!!  which  485  weie  bissextiles)  wanting  I4rf.  167*.  45',  that  is,  1943  common 

yeais  and  105rf.  Ik.  15'  ovei.  Also  the  mteival  between  the  times  of  the  two 
last  oppositions  was  378d.  8h.  40',  dmmg  which  time,  Satiun  had  moved  ovci 
13°.  6'.  28"j  hence,  13°.  6'.  28"  26',  14":  318d.  8*.  40'  1 3d.  14*.  which 

'•  ,  '  added  to  the  time  of  the  opposition  in  1714,  gives  the  time  when  the  planet 

had  the  same  longitude  as  at  the  opposition  in  228  befoie  J.  C.  This  quantity- 
added  to  1943  common  yeais  lOSd.  7/i.  15'  gives  1943y.  UBd.  21*.  15',  in 
which  interval  of  time  Saturn  must  have  made  a  ceitam  complete  numbci  of 
revolutions.  Now  having  found,  from  the  modem  observations,  that  the  time 
of  one  revolution  must  be  nearly  29  common  years  I64d.  237*.  8',  it  follows  that 
the  numbei  of  i  evolutions  in  the  above  mteival  was  66  .  dividing  theiefoie  tfiat 
inteival  by  66  we  get  29?/.  U62rf.  47?.  27  for  the  time  of  one  i  evolution.  Fiom 
comparing  the  oppositions  in  the  yeais  1714  and  1715,  the  true  movement  of 
Saturn  appears  to  be  veiy  neady  equal  to  the  mean  movement,  which  hhows 
that  the  oppositions  have  been  observed  veiy  near  the  mean  distance^  conse- 

I,  quently  the  motion  of  aphelion  cannot  have  caused  any  consideiable  enor  m 

the  deteiunnation  of  the  mean  motion.  Hence,  the  mean  annual  motion 
is  >12°.  13'.  35".  14'",  and  the*  mean  -daily  motion  2'.  0".  35'".  Di.  II ALLEY 
makes  the  annual  motion  to  be  12°.  13'.  21".  M.  de  PLACE  makes  it  12°. 
13'.  S6",8.  As  the  revolution  heie  determined  is  that  in  respect  to  tho 
longitude  of  the  planet,  it  must  be  a  tropical  icvolution.  Hence,  to  get  the 
sideieal  revolution,  we  must  say,  2'.  0".  35'"  24'.  42".  20'"  (the  piccossionin 

'i1  the  time  of  a  tiopical  revolution  (148)  )     1  day     12A  7*  l'.  37",  which  added 

I!  „'  to  29,//  lQ'2d.  4>!i.  27'  gives  2Jty.  174</.  1 !/«.  28'.  57"  tho  length  of  a  sideieal  year 

,  ',<  ,                                of  Satuin. 

•!  240,  In  the  same  manner  that  we  have  deteimmed  the  time  of  a  tropical 

1i  revolution  of  Saturn  fiom  those  oppositions  which  happen  nearly  in  the  same 

I,!  '<  point  of  the  heavens,  we  may  determine  the  periodic  time  of  Jupiter  and  Mars; 

\ '',  i     '                           we  shall  theiefore  select  such  observations  from  CASSINI,  as  may  be  proper  for 

1  i  i 

/^  this  purpose. 

H',  In  1699,  Jupiter  was  in  opposition  at  Paris  on  June  14,  at  lOJi.  8'  iu  t  23°, 

M  52'.  40",  with  0°.  23'.  7"  noith  lat.    In  1710  the  opposition  happened  on  May 

'rj\-  17,  at  18/i.  24'  in  $  26°.  47'.  47",  with  1°.  4'.  50"  noith  lat.    In  1711  the 

,{,!'  opposition  was  on  June  20,  at  67*.  37'  in  *  28°.  36'  with  0°.  15'.  50"  noith  lat 

'(',}'  i                                 From  these  observations,  the  time  of  a  mean  icvolution  comes  out  1  ly.  31 3d. 

•Jl;  I      ,"*'                         I67t.  54'.    Now  the  most  ancient  opposition  is  that  observed  by  PTOLEMY  on 

!' '  May  15,  133  years  after  J.  C.  at  237*.  3',  Jupitei  being  m  t»i  23°.  22'.  22". 

Da  May  12,  1698,  it  happened  at  57*.  40'  m  »i  22°.  20'.  32".    On  June  14, 
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1690,  it  happened  at  lOh.  «'  in  t  23°.  52'.  42".  Fiom  these  observations, 
proceeding  as  for  Saturn,  the  time  of  a  tropical  revolution  comes  outlly. 
BlSd.  10k.  But  from  the  mean  of  seveial  obseivations  CASSINI  determined 
it  to  be  1  ly.  3l5d.  14k.  36'.  Hence,  its  mean  annual  motion  is  30°.  20'. 
SI ".  50'".  In  his  Tables  he  makes  it  30°.  20'.  34".  Di.  HALLEY,  in  lus  Tables,  ' 
makes  it  30°.  20'.  38".  M.  de  la  PLACE  makes  it  30°.  20'.  31",7. 

In  1715  Mars  was  in  opposition  on  Apnl  21,  at  nA.  m  n  1°.  9'.  so".  On 
June^ll,  1717,  the  opposition- happened  at  9k.  ll'  in  t  20°.  17'.  15".  Now 
in  this  time,  which  was  2  yeais  (one  of  which  was  a  bissextile)  and  SOd.  22k. 
11',  Mais  had  made  one  i evolution  and  49°.  27'.  45"  ovei;  hence,  from  these 
two  observations,  we  shall  get  a  sufficient  approximation  to  the  time  of  a  revo- 
lution, by  saying,  360° +  49°.  27'.  45"  .  36O°  .781*  22k  ll'  :  687d.  11  A.  151 
the  time  of  a  revolution.  Now,  flam,  the  observations  of  PTOLEMT,  it  ap. 
peais  that  Mais  was  m  opposition  on  December  33,  at  lift.  48'  at  Pans,  130 
years  after  J.  C,  in  n  21°.  22'.  50".  In  1709  Mars  was  in  opposition  on 
Januaiy  4,  at  6h.  48'  m  &  14°.  18'  25".  Between  these  observations  thcie  was 
an  intcival  of  I578y.  ud.  187*.,  and  consequently  the  time  of  a  tropical 
icvolution  comes  out  686d.  23A.  16'  Fiom  the  mean  of  seveial  icsults 
CASSXNI  makes  it  686d.  22k.  18'.  Hence,  the  mean  annual  motion  is  6'.  11°. 
17'. 9 ',5.  Dr.  UtLMy  makes  i-t  6s  11°.  17'.  10" in  lus  Tables;  and  M.  dela 
LANDE  makes  it  the  same  The  mean  motions  thus  found  may  be  ronsideicd 
as  sufficiently  accuiate  to  settle  the  place  of  the  aphelion  and  cxcentucity  of  the 
mbit;  aftei  which  the  penodic  time  may  be  determined  with  gi cater  aecuiacy: 
Taking  thercfbie  the  place  of  the  aphelion?  and.  exceatncity  of  Jupitci  and 
Mais  as  we  shall  afteiwaids  settle-it,  we  will  proceed  to  show  how  we  may 
conectthe  periodic  tame  alteady  found,  by  allowing  for  the  difference  of  the 
equations  at  the  diffeientobsei various. 

On  May  15,  133  years  aftei  J.  C.  Jupiter  was  in  opposition  at  2SA  3'  in  the 
meudian  of  Pans,  m  nL  23°.  22'.  22",  and  the  equation  of  the  oibit  being  5°. 
12'.  46",  the  mean  place  was  m  28°.  35'.  8".  On  May  12,  1698,  at  5h.  46'  in 
the  evening,  Jupiter  was  in  opposition*  in  *  22°  20'.  32",  and  the  equation 
being  3°.  51'.  21",  the  mean  place  was  m  26°.  ll'.  53" ,  hence,  the  diftciencs 
between  the  mean  places  was  2°,  23'.  15",  the  time  of  describing  which  was 
28 d.  17^  15'  accoidin^  to  the  mean  motion  alicady  determined  ,  this  added  to 
the  time  of  opposition  on  May  12,  1698,  gives  June  10,  ilk  i'  at  which  timo 
the  mean  place  was  the  same  as  at  the  first  observation.  Hence,  the  intcival 
of  these  obscivation*  divided  by  132,  the- number  of  revolutions,  gives  iiy- 
SISd.  12k.  54'  fbi  the  time  of  a  mean  tropical  i  evolution.  Piom  the  mean  of 
tins  and  two  other  observations,  CASSINI  finds  the  time  to  be  iiy,  BlSd.  12k. 
33' ,  and  consequently  its  mean  annual  motion  30°.  20'.  33".  56'".  JSlem.  d? 
Aslton*  p»  431. 
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On  December  IS,  ISO  yeais  after  J.  C.  Mars,  from  the  observations  of 
PTOLEMY,  was  in  opposition  at  11  A.  48' in  n  21°.  22'.  50";  and  the  equation 
being  7°.  2'.  44",  the  mean  place  was  n  14°.  20'.  6".  On  Decembei  11,  1691, 
at  3//.  14'  the  opposition  happened  in  n  19°.  55'.  16%  and  the  equation  being 
10°.  16'.  14",  the  mean  place  wasn9°.  39'.  2",  Now  the  diffeience  of  these 
mean  places  was  4Q.  41'.  4",  the  time  of  describing  which  is  8d.  22A.  31',  which 
added  to  Decembei  11,  $h.  14'  gives  December  20,  1A.  45',  when  the  mean 
place  was  the  same  as  at  the  first  observation.  The  interval  of  these  tunes  was 
1561  yeais  (of  which  390  weie  bissextiles)  wanting  3d.  lOh.  3';  which  divided 
by  830,  the  numbei  of  revolutions,  gives  686d  22ft,  18'.  39"  for  the  time  of  a 
mean  tropical  i evolution;  consequently  the  mean  annual  motion  is  6s.  11°. 
17'  9",5*  Tins  collection  is  not  necessary  to  he  applied  to  our  deteimination 
of  the  periodic  time  of  Satmn;  for  as  it  was  obbeived  neai  the  mean  distance, 
wheie  the  equation  is  a  maximum,  the  variation  of  4-°  m  the  place  would  not 
cause  any  sensible  vaiiation  m  the  equation. 

24*1.  In  the  same  inannci  we  may  cleteimine  the  time  of  a  tiopical  revolution 
of  F071M.S,  by  comparing  the  time  of  two  conjunctions,  fiist  getting  an  approxi- 
mation in  oider  to  be  sure  of  the  number  of  revolutions.  Now  in  1709,  on 
June  22,  at  67; .  apparent  time,  Venu>*  was  in  supenor  conjunction  in  <B  Oc. 
.56u  30";  and  m  1705,  on  June  21,  at  227^  an  inferior  conjunction  happened 
in  9  0°,  36',  52".  In  this  interval  Venus  must  have  made  6|  i  evolutions  and 
19'.  38",  theicfbie  the  time  of  one  i  evolution  is  found  to  be  224'i  days  nearly* 
To  get  the  time  moie  accmately,  we  must  take  two  conjunctions  at  a  gieatei 
inleival  of  time,  and  allow  for  the  difference  of  the  equations  at  the  time?  of 
observation.  Now  m  1639  on  December  4,  at  6//.  11'  mean  time,  Venus  was 
in  conjunction  in  rt  12°.  31'.  44"  on  the  ecliptic,  and  n  12°.  31'.  37"  on  its 
orbit;  and  the  equation  being  40'.  26"  3  gives  its  mean  place  n  13°.  12'.  3", 
In  the  conjunction  1716,  on  August  28,  at  16A,  37'  mean  time,  Venus  was  m 
1  x  5°.  49',  53"  on  its  oibit;  and  the  equation  being  25'.  il",  gives  the  mean 
place  x6°.  15'.  4".  Now  in  this  interval  of  tune,  which  has  been  70  common 
yeais  and  286^*  10k.  26',  theie  haVc,  fioin  what  has  been  shown  above, 
been.  125  revolutions  and  S\  23°,  3'.  l"j  hence,  125  icvolutions  8s.  23°.  3'.  1"  : 
360°.. :76?/.  286d.  10//«  26',  224^.  16/z.  41;.  40"  the  time  of  a  mean  tiopical 
revolution*  Hence,  the  mean  annual  motion  is  7s- 14°«  47'*  28',  Ekm<  (F  Mir  on. 
page  562, 

242.  Cessna  proposes  also  to  find  the  time  of  a  revolution,  by  comparing 
the  ancient  observations  with  the  modem  ones  made  when  Venus  was  not  in 
conjunction,  for  the  ancient  Astronomeis  could  make  no  observations  in  con- 
junction for  want  of  telescopes.  For  example.  On  Decembei  25,  106,  at  4//. 
Venus  seen  from  the  eaith  appeared  in  1s,  20°.  13'.  45";  and  on  December 
17, 1594,  at  4A.  30'  it  was  seen  in  1s.  23°.  1'.  36",  advanced  2°,  4?7.  51"  beyond 
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ihe  fust  obseivation;  and  as  Venus  lan  thiough  tins  space  in  id.  I7ht  54/, 
CASSINI  concluded  that  on  Decembei  15,  1594,  at  lOk.  36'  Venus  was  in  the 
same  place  as  at  the  first  obseivation,  the  mteival  of  which  times  was  1458 
common  yeais  354rf,  6k.  36',  in  which  Venus  had  made  2370  i  evolutions- 
hence,  the  time  of  one  revolution  is  224rf.  I6h.  39'.  4".  This  method  would 
be  accuiate,  provided  the  eaith  was  at  llic  same  point  at  both  times,  and  the 
oihit  of  Venus  was  fixed.  Hence,  the  mean  annual  motion  is  7s.  14°.  47'.  45". 
CASSIKTI  in  his  Tables  makes  it  7s.  14°.  47'*  29".  Du  HALLEY  makes  it  7s, 
14°.  47'.  28".  M.  dc  la  L*NDE  makes  it  7s.  14°.  47'.  30". 

243.  The  peuodic  time  of  Mercury  maybe  veiy  accmately  deteinnned  fiom 
its  tiansits  ovei  the  sun's  disc,  foi  as  they  have  fiequently  been  obseived,  we 
have  an  opportunity  of  chasing  such  as  will  give  us  a  veiyaccui  ate  conclusion. 
From  the  obseivations  of  the  conjunction,  of  Meiciny  on  No\  ember  6,  1631, 
CASSINI  found  the  tune  of  the  conjunction  to  be  at  I9h.  30'  9  and  the  tiue 
place  of  Meicury  r.  14°.  41'.  3<5",  On  November  9,  1723,  at  sh.  29',  the 
conjunction  was  in  1*.  36°.  4V'.  20",  only  2°.  3'  45"  beyond  the  place  at  the 
fust  observation.  Now  accoiding  to  the  Tables  of  CASSI^I,  this  difference  IB 
just  equal  to  the  motion  of  the  aphelion  of  Mais  in  the  same  time,  conse- 
quently Meicury  was  m  the  same  place  in  its  orbit  at  each  tune,  and  therefore 
the  equation  was  the  same.  Also,  the  conjunctions  happening  vci}  ncaily  at 
the  same  time  of  the  year,  the  equal  ion  of  tune  was  vay  neaily  the  same,  and 
therefore  the  difference  of  the  appiucnt  tunes  is  the  same  as  of  theti  tie.  Hence 
in  the  intcival  of  92  yeais  (of  which  22  were  bissextiles)  and  2d,  y//.  39'9*Mer- 
cuiy  (fiom  first  finding  ncaily  the  time  of  a  i  evolution  hy  2  conjunctions  nea* 
each  othci)  is  found  to  have  made  382  revolutions  2\  #'*  45",  licnce,  by  propoz- 
tion,  the  time  of  a  txopical  i  evolution  is  87rf.  Q3h.  14,'.  20^9,  and  the  mean 
annual  motion  comes  out  1s  23°  43'.  ll".  39'".  CASSINI,  in  his  Tables,  makes 
it  1s.  23°.  43'.  1  1".  Di.  II  \LLEY  makes  it  1s.  23°.  43'.  2",  and  M.  dela  LANDI\ 
1  23°.  43'.  3". 

On  flit  Secular  Motions  of  Jupjfa  and  Saturn. 

SH.  The  time  of  a  TCA  olution  of  Satin  a  deduced  fiom  the  modern  obsci- 
\ations  comes  out  gicator  than  that  deduced  fiom  a  comparison  of  t'he  modem 
with  the  ancient  obscuatlons.  If  therefore  the  modem  obsoivations  could  be 
depended  upon  to  give  the  tune  of  a  icvolution  neaici  than  that  difference,  it 
would  prove  that  the  length  of  Saturn's  yeai  is  increasing.  Now  although 
ohsci  rations  made  at  a  small  interval  of  time,  could  not  he  sufficient  to  esta- 
blish this  point,  yet  fiom  a  comparison  of  om  observations  with  those  made  by 
TYCIIO,  it  appeals  that  this  is  the  case.  The  length  of  the  yeai  iherefoie  when 
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ascertained  for  one  time  will  aftezwards  want  a  coirection,  and  the  quantity  of 
this  collection  is  called  the  Secular  Equation. 

245.  KEBLER  fust  obseived  this  circumstance,  fiom  examining  the  observa- 
tions of  RESIOMOOTANUS  and  WALTHERUS;   foi  lie  constantly  found  Jupiter 
forwardei  and  Saturn  backwaider  than  they  ought  to  have  been  from  the  mean 
motions  determined  from  the  observations  of  PTOLEMY  and  TYCHO.     He  said 
the  same  of  Mais;  but  M,  de  la  LANDE  obseives,  that  lie  cannot  find  theic  is 
any  secular  equation  wanted  for  that  planet.    FLAMSTJCAD  also  observed,  that 
in  all  the  best  Astionomical  Tables,  the  mean  motions  of  Saturn  weie  too 
swift,  and  of  Jupiter  too  slow;  whence  it  came  to  pass,  that  the  computations 
gave  those  conjunctions  which  happened  when  the  planets  weie  direct,  some 
days  sootier,  and  when  retrograde,  some  days  later  than  the  time  fiom  obser- 
vation; Phil  Trans,  N°.  149.    HEVEJLIUS  also  obseived  the  same.    M.  MARALDI 
perceived  also  that  the  mean  motions  of  Saturn,  if  we  suppose  them  umfoim, 
would  not  agree  both  with  the  observations  of  TYCHO  and  those  of  this  age, 
Dr.  HALLEY,  m  his  Astronomical  Tables,  applied  a  secular  equation  of  9°^ 
for  2000  yeaiB  to  Saturn,  and  3°.  40'  to  Jupiter,  but  he  does  not  give  the  ob- 
seivations  from  which  he  deduced  these  conclusions.     M*  de  la  LANDE,  iiom 
compaiuog  the  oppositions  in  the  ycais  1594,  1595,  1596  and  1597  with  those 
in  1713,  1714,  1715,  1716  and  1717,  found  the  mean  motion  of  Satuin  to  be 
12°,  IS'.  19".  14*"'  which  is  16"  m  a  ycai  loss  than  that  given  by  CASSINI,  and 
the  duration  of  the  revolution  greater  by  near  4  days.     He  chose  those  opposi- 
tions which  happened  neai  the  mean  distance  (as  CASSINI  did  also),  because  the 
tine  and  mean  motions  being  then  equal,  the  conclusions  would  be  moie 
accuiale.     He  also  chose  other  oppositions  at  the  distance  of  about  120  years, 
and  when  Jupiter  and  Satuin  \veie  in  similai  situations,  so  that  no  enor  was  to 
be  apprehended  from  their  mutual  attraction,  this  being  the  same  in  cadi  case, 
Now  if  with  the  mean  motion  found  in  120  yeais,  the  place  of  Satin n,  fioiii 
where  it  is  now  found  to  be,  be  computed  foi  the  time  of  the  obseivation  be- 
fore mentioned  m  the  year  228  bcfoie  J»  C.  the  longitude  will  be  found  to  be 
too  gieat  by  7°;  this  therefore  is  the  secular  equation  fox  2000  years,  according 
to  this  mean  motion*    But  fiom  other  observations  he  concluded  the  mean  mo- 
tion to  be   12°.  13'.  26",358.     With  this  mean  motion  he  finds  the  secular 
equation  to  be  47"  in  the  fiist  centuiy  fiom  which  this  motion  was  deduced; 
for  with  this  mean  motion  and  secular  equation,  the  calculations  best  agree  with 
the  ancient  observations.     From  the  theory  of  attraction  it  appears,  that  sup- 
posing the  aphelion  of  Saturn  and  Jupiter  to  be  fixed,  the  seculai  equation  va- 
ries as  the  square  of  the  time,  which  M,  de  la  LANDE  thinks  may  be  de- 
duced from  this  consideration,  that  the  velocity  lost  by  Saturn  in  consequence 
of  the  cause  which  produces  the  equation  being  so  very  small,  may  be  consi- 
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deied  equal  in  equal  times;  whence  fiom  the  principle  of  the  lav  of  falling  bo- 
dies, the  space  lost  must  vaiy  as  the  squaie  of  the  time,  N.OW  fiom  five  obser- 
vations of  PTOLEMY,  he  found  the  secular  equation  foi  the  first  KX>  years  to 
be  47";  hence,  100*  f  41" :  the  seculai  equation  for  t  years.  Now  the  lo- 
ganthm  of  47  mnus  the  loganthm  of  1001  is  7,6720979;  hence,  if  to  tins  con- 
stant  loganthm  we  add  twice  the  loganthm  of/,  we  shall  have  the  loganthm  6f 
the  secular  equation  foi  /  years  fiom  the  commencement  of  the  10O  ycais,  to 
be  subtracted  from  the  mean  longitude 

246.  But  besides  the  seculai  equation,  the  mean  motion  of  Saturn  is  also 
subject  to  othei  irregularities,  which  aie  found  to  follow  from  the  attraction  ot 
Jupitei.    Di.  HALLEY,  in  his  Astronomical  Tables,  obseivcs  that  Jupitei  fiom 
his  opposition  in  1677,  to  that  in  1689,  was  found,  fiom  indubitable  observa- 
tions, to  be  12'  slower  than  in  the  pieceding  or  subsequent  levolutions.    Also 
the  periodic  time  of  Saturn  between  the  yeais  1668  and  1698  was  neaily  a  week 
shorter  than  its  mean  i evolution;  and  the  pcuodic  time  between  1689  and 
1719  was  nearly  as  much  gicatci,  so  that  between  the  two  i  evolutions  thcie 
•was  a.  diffeience  of  moic  than  13  days.    Tins  Di.  HALLISY  supposes  to  an.se 
fiom  the  attraction  of  the  greater  bodies  in  the  system  being  different  in  dif- 
fcient  positions.     For  he  observes,  that  in  1683  there  was  a  conjunction  of 
Jupiter  and  Saturn,  when  fiom  the  position  of  the  apsides,  the  planets  ap- 
proached nearest  to  each  other,  and  Saturn  was  most  urged  towaids  the  sun 
and  Jupiter  from  it,  so  that  Jupitei 's  \clocity  being  increased  and  its  foicc  to 
the  sun  diminished,  its  oibit  was  incieased  and  consequently  its  periodic  time; 
on  the  contrary,  Saturn's  velocity  being  diminished  and  its  force  to  the  sun  m* 
creased,  its  orbit,  and  consequently  its  periodic  tim«,  was  diminished.    Now, 
says  he,  if  the  same  thing  should  happen  again,  that  is,  if  a  conjunction  should 
take  place  again  in  the  same  point  of  the  Heavens,  and  the  same  effects  should 
follow,  we  may  hope  that  it  can  be  accounted  for  fiom  the  Laws  of  giavity , 
but  if,  m  like  circumstances,  the  same  effects  arc  not  found  to  take  place,  other 
extianeous  causes  aic  to  be  sought  foi.    But  M.  de  la  PLACK  has  discovcied, 
that  these  inequalities,  as  well  as  the  seculai  equations,  may  be  represented  by 
an  equation,  from  Jupitei's  attraction,  of  48',  which  depends  on  5  times  the 
longitude  of  Saturn  minus  twice  that  of  Jupitei,  of  which  the  penodis  918 
years.    For  tins  we  must  employ  the  mean  annual  motion  of  12°.  is'.  S6",8l. 
Thus  all  the  irregulaiities  of  Saturn's  motion  are  confined  to  a  certain  period, 
after  which  they  all  return  again.    In  the  yeais  1701  and  1760  the  errois  of 
Dr.  HAILEY'S  Tables  were  87]'  and  2i£,  according  to  M.  de  la  LANDE,  so  that 
the  motion  of  Satuin  was  gi eater  by  13',  and  its  periodic  time  was  bhoiter  by  6| 
days,  than  in  its  i  evolution  between  1686  and  1745.    Now  the  mean  anomaly 
m  1701  and  1760  was  3°.  i',  and  the  angle  at  the  sun  between  Jupiter  and  Sa- 
tuin was  19°' m  1701  and  30°  in  176O,  so  that  the  error  m  the  mean  motion 
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could  not  arise  fiom  any  dissimilai  situations  of  Saturn  m  its  oibit,  by  which 
the  elements  of  the  motions  might  eir;  nor  fiom  the  different  situations  of  JLI- 
pitei,  that  diffeicnce  not  being  sufficient  to  cause  such  an  euoi. 

247    The  motion  of  Jupitei  leqmres  also  a  seculai  equation,  as  Dr.  H ALLEY 
obseivecl,  who  made  it  3°.  49'.  24"  foi  200O  years,  01  34",4  for  the  fiist  century, 
supposing  it  to  incjcabe  as  the  squaie  of  the  time.    M.  MARALDI  also  observed, 
thdt  the  modem  observations  gave  the  motion  of  Jupiter  greater  than  the  an- 
cient.   M.  de  la  LANDE  found  by  cotnpaiing  the  observations  made  240  years 
befoic  J,  C,  with  those  in  the  year  508,  that  Jupitci's  seculai  motion  in  83  years 
was  2'.  04?".     And  companng  the  obseivations  in  508  with  those  in  1503  and 
1504,  we  find  neaily  the  same  lesult.     But  if  we  compsue  the  conjunction  of 
Jupitei  Avith  Reg  uhis  on  October  12,  1623,  with  the  like  obseivation  made  in 
1706,  we  find  it  2]'  foi  83  years.     Dr.  HALLE 7,  in  his  Tables,  fixed  it  at  12', 
26"  loi  83  ycais,  which  makes  the  revolution  8  horns  shoiter  than  that  deduced 
fiom  the  ancient  obseivations*     The  oppositions  fiom  1689  to  1698  compaied 
with  those  in  1749,  give  a  mean  motion  equal  to  that  in  the  Tables  of  GASSINI, 
which  Tables  give  the  place  of  Jupiter  l'  too  much  m  508.     These  conclusions 
indicate  a  great  megulaiily  in  Jupiter's  motions;  and  this  nregulanty  is  fui  ther 
confumed,  if  we  considei  that  M.  WARGENTIN  makes  the  secular  equation  for 
the  first  100  yeais  to  be  18",  M.  BAILLY  makes  it  123",  and  M  de  la  LANDS 
fixes  it  at  soy  for  the  first  100  yeais,  or  3°.  23'.  20"  foi  2000  yeais,  admitting 
it  to  inciease  as  the  square  of  the  time,  which  agices  nearly  with  Dr.  HAL- 
LEY'S  detcimmation,     JVL  dc  la  GRANGE,  from  the  theory  of  gravity,  finds  it 
to  he  3'.  IS\  which,  as  M  de  la  LAKDE  observes,  agrees  veiy  well  with  the 
obseivations  fiom  J  590  to  1762,  but  not  with  the  ancient  obseivations.    EULKR 
determined  it  fiom  theoiy  to  be  2'.  2$".    M.  de  la  LANDE  says,  that  his  own  se- 
cular equation,  with  the  mean  secular  motion  of  5s-  6°.  27'.  30",  agice  as  nearly 
as  possible  to  all  the  obseivations*     M*  de  la  PLACE  found  in  1786  an  me* 
quality  of  20'  fiom  the  attraction  of  Saturn,  the  period  of  which  equation  is 
918  years,  as  in  Saturn,     Thus  he  made  the  secular  equation  disappear  it  be- 
ing only  an  irregulanLy  whose  penod  is  918  years*     This  supposes  a  .secular 
motion  of  5*.  6°.  17'-  33".    The  secular  equation  being  deteimmcd  for  100 
yeais,  it  may  be  found  foi  any  othei  time,  as  it  was  for  Saturn,  by  taking  ititt 
propoition  to  the  sqnaie  of  the  time. 

The  longitude  of  the  sun  lectures  a  secular  equation  of  12'  for  2500  years, 
atisitig  fiom  the  diminution  of  the  precession  of  the  equinoxes,  according  ta 
,M,  de  la  LANDS, 
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According  to  M.  dc  la  LANDE. 
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The  secular  motion  is  in  lespcct  to  the  equinox. 

Thc^secutor  motion  of  the  Georgian  Planet  in  respect  to  the  equinox  is  2'. 
13  .  16.  55";  its  tropical  revolution  is  83y.  52d  4h.  its  sideieal  revolution  is 
83;;.  I50d.  18)i  •  and  its  tiopical  diurnal  motion  is  42",678026. 

Di.  HALLS Y  made  the  length  of  a  tropical  year  S65d.  Sh.  48'.  35",  FLAM- 
STEAD  and  Sir  L  NEWTON  made  it  57",5,  MAYER  51",  and  M.  de  la  CAILLE  m 
his  Tables  49".  By  our  determination,  57". 
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CHAP.  XIII. 

ON  THE  tfXLATEST  EQUATION,  EXCENTRICITY  AND  PLACE  OF  THE  API1ELH 

•OF  TEIE  ORBITS  OF  THE  PLANETS 

Art.  248.  HAVING  determined  the  mean  motions  of  the  planets,  we  pio- 
ceed  next  to  show  the  method  of  finding  the  greatest  equation  of  then  oibits, 
and  from  thence  the  excenlncity  and  place  of  their  apheha.     For  although, 
in  order  to  determine  the  mean  motions  very  accuiately,  these  things  were 
supposed  to  be  known,  yet  without  them  the  mean  motions  may  he  so  nearly 
ascei tamed,  thai  these  elements  may  fiom  thence  be  very  accuiately  settled* 
FK.'«        249.  Let  Jl  be  the  aphelion,  S  the  focus,  take  SW  a  mean  piopoitional  bc- 
5a       tween  the  semi-axis  majoi  and  minor,  then  (230)  when  the  planet  comes  to 
the  points  V  and  W  the  equation  is  the  greatest  j  at  which  times  let  the  mean 
places  be  at  t?  and  w,  then  the  difference  between  the  tiue  and  mean  mo- 
tions fiom   V  to  W  is  the  sum   of  the  angles  V8v,  WStv,  or  2/PSte,   the 
half  of  which   is  the  gieatcst  equation*     Now  to  find  when  this  happens, 
observe  the  true  places  of  the  planet  when  at  V  and  W^  take  the  diffeience  of 
the  two  places,  and  compute  the  mean  motions  foi  the  same  time,  and  half 
the  diffeience  is  the  gieatest  equation.     But  as  it  is  impossible  to  fix  upon  the 
tunes  when  the  planet  is  accurately  at  V  and  Jfr9  seveial  observations  must  be 
made  about  each  tune,  and  compaung  them  two  by  two,  find  those   where 
the  diffeience  between  the  tiuo  and  mean  motions  is  the  gieatest,  and  half 
the  difference  is  the  gieatcst  equation*    The  obseivei  will  easily  find  when 
the  planet  is  got  near  to  the  mean  distance,  by  comparing  his  obseivations  for 
seveial  days,  and  observing  whether  the  true  tnotion  be  nearly  equal  to  the  mean 
motion.    Hence,  if  we  bisect  the  interval  it  will  give  the  place  A  of  the  aphelion. 
Having  found  the  greatest  equation,  the  excentucity  will  be  known  (231). 
Oi  the  gieatest  equation  may  be  found  thus.     Having  made  two  obseivations 
neai  to  Fancl  W9  find  the  equation  coiresponchng,  and  fiom  thence  the  place 
of  the  aphelion  and  excentucity;  then  compute  for  the  two  times  of  observation 
the  equations  corresponding,  and  also  the  gieatest  equation;  and  the  difference 
between  half  the  sum  of  the  computed  equations  for  the  times  of  observation 
and  the  computed  greatest  equation  shows  the  erioransingfiom  the  observation; 
which  added  to  the  Aquation  found  fiom  obseivalion.  gives  the  greatest  equa- 
tion. 
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Ex.  To  find  the  greatest  equation  of  the  sun.  Prom  the  observations  of 
M,  de  la  CAILLE  in  1751,  on 

October  7,  sun's  place  observed  was     -  6'.  13°.  47'.  13^7 

March  28,  1752         -         -         -         .  0.    8.    9.25/5 

5.  24.  22.  11,  8 
Mean  motion  by  calculation        -        .      5 .  20 .  31 .  43,  2 

3 .  50  .  28,  6 


The  half  of  which  1°.  55'.  14",3  is  the  gieatest  equation,  if  no  correction  be 
leqmred.  But  if  we  take  the  place  of  the  aphelion  and  exccritfhcity  fiom  this 
equation,  consideied  as  the  gieatest,  and  calculate  the  equations  foi  these  two 
times,  half  the  dnference  will  be  the  supposed  gieatest  equataon,  compute 
also  the  gieatest  equation,  and  we  shall  find  that  these  diffei  by  18"56,  which 
shows  that  the  greatest  equation  deduced  from  these  two  obseivatiom  differ 
from  the  greatest  equation  itself  by  that  quantity;  tins  therefore  added  to  1°. 
55.  14",3  gives  1°.  55'.  32",9  for  the  gieatest  equation.  Fiom  the  mean  of 
seveialobseivations  M.  de  la  CAIIXE  makes  it  1°.  55'.  32". 

In  the  year  1717  on  Maich  21,  the  sun's  place  on  the  meridian  at  Pans,  by 
CASSIK^S  Astionomy  page  1 9 1,  was,  in  v  0°.  47'.  28"  and  on  Scptembei  23, 
m,,~  0°.  15'.  50".  Hence,  the  true  motion  in  185rf  2C//.  45'  was  5'.  29°.  28'. 
22",  and  the  mean  motion  m  that  time  was  6s.  3°.  19'.  12",  half  the  difference 
of  which  is  1°.  55'.  25".  By  thus  companng  the  obseivalion  on  Septembei  23, 
1717,,  with  the  observation  on  Maich  21,  1718,  the  equation  comes  out  1°. 
55.  16' ,5.  If  we  compare  the  observation  on  March  28,  1717,  with  that  on 
September  27,  following,  the  equation  comes  out  1°.  55'.  S7',5.  And  if  we 
compare  the  observation  on  Maich  28,  1718,  with  that  on  September  27, 
1717,  the  equation  is  found  to  be  1°.  56'.  3",  5  The  mean  of  all  these  is  1°.  55'. 
p5',5  for  the  greatest  equation,  drfleimg  only  3' ,5  flora  the  othoi ,  but  CASSINI, 
m^his  Tables,  makes  it  ]°.  55'.  51'.  In  the  Tables  of  MAYEU  it  is  1°.  55'. 
31,6.  M.^deLAMBRE,  ftom  the  observations  of  Di.  MASKFLYNE,  makes  it 
l  .  55.  80",9  in  I780j  foi  on  account  of  the  diminution  of  the  excentiicity 
of  the  earth's  orbit,  the  greatest  equation  is  subject  to  a  diminution. 

1  250.  To  find  the  place  of  the  aphelion  A,  observe  the  interval  of  time 
Horn  m  to  n,  two  opposite  points  in  the  oibit  j  and  if  that  be  equal  to  half  the 
anomaksfcc  Devolution,  or  the  time  fiom  A  to  Q,  the  points  m  and  n  must 
coincide  with  A  and  Q  ;  for  the  whole  area  can  only  be  bisected  by  the  line  ASQ 
passing  through  S,  and  consequently  the  time  of  half  a  icvolution  about  S  can 
never  be  equal  to  half  the  tune  of  one  whole  evolution  but  fiom  A  to  Q,  the 


FIG. 
53. 
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aieas  being  in  pioportion  to  the  tunes  (219).  Now  the  difference  (cT)  between 
the  times  fiom  A  to  Q,  and  fiom  m  to  n  must,  by  taking  away  the  tune  fiom 
m  to  Q  which  is  common  to  both,  be  equal  to  the  difference  between  the  times 
through  Am  and  Q;?.  Put  t~the  time  fiorn  A  to  m^  and  let  m  and  n  be  the 

angular  velocities  about  S  m  24  hours  at  A  and  Q  ;  then  n    m    t ,  —  =  the 

times  tluough  Qn>  the  time  of  describing  equal  angles  being  inversely  as  the 

??/£ 
angular  velocities ;  hence,  t =  d9  consequently  n-  m    n    d    t.  Now  if  the 

observation  be  made  at  m  when  the  sun  is  past  A9  the  fame  tluough  mQji  must 
be  Jess  than  the  time  fiom  A  to  Q,  because  the  aiea  A  8m  being  gieatei  than 
Q$n9  the  iuea  AmQ  dcsciibcd  about  S  must  be  gi eater  than  that  ofmQn }  and 
the  conliaiy  i£m  be  on  the  other  side  of  A* 

Ex.  On  December  30,  1743,  at  O//.  3'.  7"  mean  lime,  M.  deLi  CALLUS  found 
the  suu5s  longitude  to  be  y?  8°.  29'.  12",,5  ;  and  on  June  30,  1744,  at  Qh.  3  it 
was  ©  8°.  51'.  l",5;  the  interval  of  these  two  places  is  180°.  21'.  49",  Now 
reckoning,  with  M.  deia  CAILLL,  the  annual  pi ogiessive  motion  of  the  apogee 
of  the  earth's  oibit  to  be  1'.  3",  the  distance  of  the  apogee  fiom  the  peiigee  is 
180°,  0'.  3lV;  but  the  sun  had  clescnbccl  180°.  21',  49",  which  exceeds  180°, 
0'.  Sl'VS,  half  an  anomalistic  revolution,  by  21'.  17^5,  and  the  sun's  motion 
on  June  30,  being  57'.  12"  in  24  horns,  57'.  12"  21'.  if ,5*  24A  •  8k  56' 
the  time  of  tl«cnbing  21'.  17", 5,  which  subti acted  fiom  June  30,  0//«  S1 
£>i\cs  June  29,  !£//.  7'  when  the  sun  was  m  25  8°.  29'  43"  at  the  dihlancc 
of  180°.  (/  3l"3£  fiom  the  place  where  it  was  on  Dccembei  30,  at  O//.  3;,  7"j 
the  inteival  of  these  two  ilmcs  is  182^7.  \*>h.  3'.  53",  which  being  less  than 
182^.  I5h.  7'.  l",  half  tlic  time  of  an  anomalistic  levolution  (150),  l)v  a'.  8" 
(rrr/),  the  sun  was  not  come  to  its  apogee  on  June  29,  isJu  7',  Now  the 
smiN  motion  on  June  30,  was  57'.  12"  in  a  day  zs  972,  and  on  Dccembei  30,  Gl'. 
'12W  =  »,  hence  4'  ,  57'.  IS'  :3'.  8"  :  4i;.  48",  \vhich  added  to  June  29,  15*. 
7'  gives  June  29,  15A,  44'*  48"  when  the  sun  was  in  its  apogee,  at  which  time 
the  binVb  place  was  in  <a  8°.  31',  21"a  which  tlieieforc  was  the  place  of  the 
apogee. 

251.  To  find  the  excoiitiicity,  we  have  (231)  57°.  17'.  44",8     57',  45",5  (the 
half  of  1°.  55'.  S0",9  the  gicatcst  equation  according  to  M.  de  LAWBRK)    ;  1  : 
,01681  the  excentucity,  the  mean  distance  being  unity*    As  the  orbit  is  very 
neatly  a  circle,  the  conection  isunneccssaiy. 

252.  The  above  method  of  finding  the  place  of  the  aphelion  fiom  the  greatest 
equation  is  veiy  applicable  to  the  case  of  the  sun  and  moon,  but  it  cannot  be 
applied  with  the  same  success  to  the  planets,  because  they  do  not  revolve  about 
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tlie  eaith,  and  theiefoic  their  velocities  ncai  tli€  apsides,  in  respect  to  the 
sun,  cannot  be  obtained  in  like  mannei.  M.  CASSINI  {Etem.  d'Astron.  pag, 
366  )  theieforc  pioposes  the  following  method-  Having  found  the  grcatcbt 
equation,  by  obseivmg  the  angle  de&cnbed  between  the  mean  distances  B  and 
D  thiough  the  aphelion  A>  obseive  the  planet  at  r  near  to  A,  and  the  angle 
J3Sr  will  be  the  tine  angle  dcscubcd  between  B  and  7  ,  then  fiom  the  time  of 
desciibmg  this  angle  compute  the  mean  motion  j  ami  if  the  diffcience  between 
the  tiue  and  mean  motions  be  equal  to  the  greatest  equation,  then  r  is  the 
aphelion;  if  it  be  less,  the  planet  is  not  got  to  its  aphelion-  Make  then  another 
obseivation  at  m,  and  if  the  diffeicnce  between  the  tiue  and  mean  motions 
be  now  greater  than  the  equation,  the  planet  is  got  beyond  A.  Hence  say*  a* 
the  sum  of  the  equations  at  r  and  m  the  equation  at  r  ;  die  angle  rSm  .  the 
angle  rSA  the  distance  of  the  point  r  fiom  the  aphelion  j  foi  (229)  when  the 
distance  fiom  the  aphelion  is  small,  the  equation  vanes  very  dearly  as  the  tiue 
anomaly.  This  may  be  collected,  if  neccssaiy,  by  calculating,  from  the 
place  of  the  aphelion,  whethci  the  body  be  found  at  r  and  B  when  it  ought 
And  to  find  the  time  of  coming  to  the  aphelion,  say,  as  the  Miim  of  the  equations 
at  r  and  m  .  the  equation  at  r  time  of  descubing  rm  time  of  descubing  rA* 

Ex.  To  find  the  greatest  equation,  place  of  the  aphelion  and  eccentricity  of 
theoibit  of  Saturn  Between  the  opposition  in  1686  and  1687  Saturn  had 
moved  through  12°.  38',  20",  and  its  mean  motion  m  that  interval  being  12°. 
39'.  34",  Saturn  was  then  veiy  near  its  mean  distance.  N4lr  Saturn  was  in 
opposition  in 

1686,  Maich  16,  lOi.  SW'm      -          -      £'.  20°.  47'.    & 
17O1,  September  l(J,  2A.  m      -         -      11  .  23  .  21  .  16 


Intend  1%    ISGrf   15/4.  32'        *          -       5  .  26  .  34.  1O 
Mean  motion  in  this  interval       -         -     6  »    9  .  36  .    O 


1  * 


Gieatest  equation          *        -        M         .        6  .  30, 


To  find  the  place  of  the  aphekofi,  and  the  time  of  'coming  to  it,     Satmu  wa» 
10  opposition  m 


VOL. 
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1686,  March  16,  1O/?.  28'  in     -      -    -     5s.  26°.  47'.    6" 
1693,  June  9,  19*,  52'  in     -         -         -    8  .  19  .  54  .  41 

Interval  7y.  Bid.  9h.  4'       -         I         -      2  ,  23  .    7  .  35 
Mean  motion  in  this  interval      -        -       2  .  28  .  29  .  27 


5  .  21  .52 
Greatest  equation        «        T        *         -         6  .  SO  .  35 

r 

Equation  atr       *        *-        *        *•        -        1.9.3 

Hence,  Saturn  was  not  come  to  its  aphelion  in  opposition  1693*    Now  the- 
opposition  happened  in 

1686,  March  16,  IQh.  28'  in        -          -      5s.  26°.  47'.    6" 
1694,  June  21,  19A.  SO'in      -         -      -     9.    l  .    6.40 

,      Interval  8y.  99d.  10*.         -        -        -       3.    4.  19.  34 
Mean  motion  in  this  interval       -        •*      £  .  1  1  .    6.51 


6.47.17 
Greatest  equation          »  -  -          6  .  30 .  55 

Equation at  #z        »•        -        -          -  16. 22 

^ 

Therefore  Saturn  had  passed  its  aphelion  in  opposition  1694.  Hence,  lc. 
9;.  3"-f  16'.  22//  =  l°.  25'.  25"  •  1°.  9'.  3* ';•  11°.  12'  (the  angle  descubcd  between 
the  oppositions  in  1693  and  1694)  9°,  3'.  2O",  which  added  to  8s,  19°.  54'.  41/x 

j  gives  8s.  28°,  58'  for  the  place  of  the  aphelion.    And  to  find  the  time,  we  have 

1Q.  25'.  25"  :  1°.  9',  3"::S76d.  %Sh.  58;  (the  time  between  the  oppositions  in 
1693  and  1694)  :  305rf.  16fe.  which  added  to  16£3,  June  9,  19A.  32'  gives 
1694,  April  11,  11  h  32;  the  time  when  Saturn  was  in  its  aphelion,  Du 
HALLEY,  in  his  Tables^  makes  the  greatest  equation  6°.  32',  4\  CASSINI 
'  makes  it  6°.  31'.  40".  M.  de  LAMBBE  makes  it  6°.  26'.  42"  in  175O,  and 

supposes  that  it  is  diminished  l",l  in  a  year,  according  to  the  deteimination  of 

i»  M.  de  la  PLACE.     From  the  mean  of  six  excentrictties,  detenniiaed  (231)  from 

'Ji'  the  greatest  elation,  CASSINI  foimd  the  excentncity  to  be  ,56515,  the  mean 

;  l  distance  of  the  earth  from  the  sun  being  unity. 

,  /'  253.  The  same  method  may  be  applied  to  imd  the  gieatest  equation,  place  t 

of  the  aphelion  and  eccentricity  of  Jwpiter's  orbit,  although  we  cahnot  so  readily 
meet  with  observatHKte  made  ia  the  proper  places,  because  we  have  fewer  oppo- 
sitions of  Jupiter  m  one  revolution  thaji  erf  Saturn,  The  following  however  are- 
proper  for  our  purpose  (Elm.  d'Astron.  page  423.)  In  1723,  on  June  25,  at 
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4k.  Jupiter  was  in  opposition  myf  3°.  2i'.  22",  neai  its  mean  distance;  On  De- 
cember 22,  1728,  at  3h.  9'  the  true  place  of  Jupiter  in  opposition  was  ®  1°.  8'. 
2".     The  diffeience  of  these  places  is  5s.  27°.  46'.  40";  and  the  mean  motion 
being  5s.  16°.  50'.  15",  the  diffeience  is  10°.  56'.  25",  the  half  of  which  is  5°.  281. 
12",5  the  gieatest  equation  from  these  observations.     On  September  5,  1725, 
at  14A.  44'  Jupiter  was  m  opposition  m  x  13°.  18';  this  compared  with  the  op- 
position in  1723,  gives  2s.  9°.  56'.  38"  for  the  tuie  motion  of  Jupiter  in  the  in- 
terval;  and  the  mean  motion  being  2s.  6°.  47'.  24",  the  diffeience  is  3°.  9'.  14", 
which  subtiacted  fiom  5°.  28'.  12"  gives  2°.  18'.  58"  the  equation  at  r.    On  Oc- 
tober 13,  1726,  at  6/z.  Jupitei  was  m<Y>20°.  4'.  1O"  m  opposition,  this  compared 
with  the  opposition  m  1723,  gives  3s.  16°.  52'.  48"  for  the  tme  motion  in  the 
interval,  and  the  mean  being  3s.  10°.  15'.  39",  the  difference  is  6°.  37'.  9",  from 
which  subtract  5°.  28'.  12"  and  the  remainder  is  1°.  8'.  57"  the  equation  at  m 
Hence,  2°.  18'.  58" +  1°.  8'.  57"  =  3°.  27'.  55"  :  1°.  8'.  57"  :  36°.  46'.  10"  (the 
angle  described  between  the  oppositions  in  1725  and  1726)  .  12°.  15',  which 
subtracted  from  v  2O°.  4'.  10"  gives  v  7°.  49'.  1O"  the  place  of  the  pcnhehon 
The  tune  of  opposition  is  also  found  by  saying,  3°.  27'.  55"  •  1°.  &'.  57"-;  372rf 
15h.  16'  (the  interval  of  the  oppositions  in  1725  and  1726)  :  134*/.  5^  5','whfcli 
subtiacted  fiom  the  opposition  in  1726  on  October  13,  at  6h.  gives  the  time  at 
which  Jupiter  was  in  its  penhelion  to  be  on  June  1,  Oh.  55'.     Also,  the  excen 
tucity  is  found  to  be  0,O4774,  the  mean  distance  of  Jupiter  from  the  sun  being 
unity.    It  must  be  here  observed,  that  the  accuracy  of  this  method  depends 
upon  the  pioximity  ofr  and  m  to  the  aphelion  01  perihelion.-  CASSINI,  in  his 
Tables,  makes  the  greatest  equation  5B.  31'.  17".    Dr.  HALLEY  makes  itV  31', 
36".    M.  de  LAMBRE  finds  it  to  be  5°.  30'.  37",7  in  175O,  and  to  increase  55"  36 
in  1OO  years.  ,  ' 

As  in  the  ancient  observations  of  Mars  mentioned  by  PTOLEMY  theie  aie 
only  thiee  which  weie  made  m  opposition,  and  as  they  are  not  m  pioper  places 
±01  the  application  of  the  last  method,  we  shall  give  another  Eulc  to  determine 
the  gieatest  equation,  the  place  of  the  aphelion  and  the  eccentricity,  from  any 
thiee  hehocentnc  places  of  a  planet,  and  its  mean  motion.  This  is  resolved  in 

Si?  °Tg,  manne1'  foSt  Uppn  the  suPP°slti°n  of  the  simpk  elliptic  topottou 
(227),  and  then  collecting  it.  r 

sit,™4'  ™ s  A  thef sun'  *;  ?  D  I'T places  of  the  p]anet  observed  in  °PP«-  wo 

\'/    v£        TS\A  the  apheh°nj  Q  the  Penhelion ;  with  the  center  F      54.' 
and  radius  FM  equal  to  the  major  axis  describe  a  circle,  and  produce  FB  FC 
FDto  the  cucumference,  and  join  SG,  SH,  SJE.    Now  the  angles  BSC  'cSD 
aie  known  fiom  observation ;  also,  upon  supposition  of  the  stmple  dhpttc  hypo. 

%Sr  X  angles  are  drtdrd  abr  * m  equai  times  *  *««««  £•  4C 

BFC  CFD  are  known,  by  taking  them  to  four  right  angles  as  the  intervals  of 
tune  between  the  first  and  second,  second  and  thi^obserLons,  to  the 
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time*  Now  as  FG—FB  +  BS,  theicfore  SJ3  —  BG  ,  for  the  same  leason 
CH  aad  JSD  =2>E.  Hence,  2J?GW=  FBS=  23FA  -  J3£4  ;  also,  2JFfZS'= 
~CFA-CSA,  therefoie  QFGS+2FHS^BFC~BSC;  hence,  FGS 
is  know,  \>ntFGS=BFA~GSA,  and  FHS-CFA^ffSA  ;  tlieiefore 
+  FH3~BFC-GSfl3  whence  G&II  is  known.  Foi  the  same  reason  USE  is 
known.  Hence,  the  angles  Gf#H",  II£E,  GSE,  and  .RFC,  CFZ),  BFD  are 
known,  Produce  JES  to  L,  and  join  HL,  HG,  GL,  and  assume  $ET  of  any 
value  in  order  to  get  the  relative  values  of  the  other  parts  of  the  iiguie.  Then 
m  the  triangle  NHL,  we  know  SH9  the  angle  HSL  (which  is  the  supplement 
of  USE  J  and  the  angle  II  LS  (-which  is  half  the  angle  HFE}  ,  hence  we  know 
$L,  therefore  in  the  triangle  SLG,  we  know  SL,  the  angle  LSG  (which  is  the 
supplement  of  GSMJ  and  the  angle  SLG  (the  half  of  EFG},  hence  we  know 
£G;  tlieiefore  in  the  tnangle  GSH,  we  know  6?^,  /SjfiTand  the  angle  GSH  , 
hence  we  know  HG  and  the  angle  SflCr;  theiefoie  m  the  isosceles  tnangle 
HFG,  we  know  IIG  and  the  angle  IIFG  ;  hence  we  know  FH-FC  +  CS  the 
major  axis,  and  the  angle  GriflF,  which  taken  fiom  the  angle  SHG  leaves  the 
&H&  wlucli  is  therefore  known;  theiefore  IB  the  tuangle  SIIF9  we  know 
9  HF  and  the  angle  SHF,  from  whence  we  kno^r  SF  twice  the  excentucity, 
and  tho  angle  HSF,  fiom  winch  take  the  angle  HSC  (which  —SHF)  and  we 
get  the  angle  OS  A,  the  distance  of  the  aphelion  A  from  the  observation  at  C. 

25$.  Tins  method,  being  the  svmpk  elliptic  hypothesis,  supposes  that  the  an- 
gles described  about  F  arc  proportional  to  the  tunes,  which  will  be  sufficiently 
accurate  for  orbits  whose  excentucity  is  small,  as  that  of  the  eaith  and  Venusj 
foi  the  orbits  of  the  othci  planets  it  may  be  thus  collected. 

256.  Having  dctci  mined,  fiom  the  thice  observed  places  #2,  n,  r,  of  the  pla- 

net, the  place  of  the  aphelion  and  the  cxcentncity  from  the  simple  elliptic  Jiypo* 

thests9  with  the  distances  a9  b,  c>  of  the  planet  from  the  aphelion  so  found,  calcu- 

late (?3S)  the  equation  upon  the  true  or  KEPLER'S  hypothesis,  and  you  will  get 

the  wean  anomalies  d9  #,  d  upon  the  tme  hypothesis.    Then  with  these  mean 

^nomahes  a  ,  #,  c>  find  the  true  anomalies  a",  #',  c"9  upon  the  simple  elliptic 

hypothesis,  and  the  difference  between  a  and  ct'9  b  and  V9  c  and  c"  i;how.<  the 

4^ffference  of  the  pkces  upon  the  two  hypotheses.  To  the  place  of  the  aphelion 

first  found  add  the  distances  #",  //,  c",  and  you  gsfc  the  places  of  the  planet  in 

the  simple  elliptic  hypothesis  answering  to  the  ti  lie  place  upon  KEKL*  u's  hypo- 

thesis.    Then  with  these  three  places  compute,  as  at  fiist,  the  placo  of  the 

Aphelion  ^nd  excentucity  upon  the  simple  elliptic  hypothesis,  and  you  will  have 

the  distaucea  J,  B9  C9  from  the  aphelion  upon  the  simple  elliptic  hypothesis,  to 

these  apply  the  differences  of  the  two  hypotheses  before  found,  adding  or  sub- 

tracting them  according  as  the  simple  elliptic  hypothesis  gave  the  place  less  or 

t  greater  than  KIPLEE'S  hypothesis,  and  you  will  have  the  distances  from  the 

'aphelion  upon  the  true  or  KEPX-XE'S  hypothesis  j  subtract  these  firom  the  coi- 
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responding  places  w,  »,  r  of  the  planet  observed,  and  you  will  have  the  place 
of  the  aphelion  onqe  corrected,  and  also  the  excentncity,  In  hkc  manner  the 
conection  may  be  made  as  often  as  may  be  found  nocessaiy.  Eton.  d'Astron. 
page  184. 

In  1694  on  January  17,  at  4/k  20'  Mi.  FLAMWEAD  observed  the  place  of 
Mars  to  be  in  «  28°.  12',  m  1698  on  Maiclx  26,  at  \11i  55'  in  A  7°.  4'.  is", 
and  in  1702  on  July  8,  at  ISA.  58'  in  v?  16°.  10'.  23".  These  obseivations  ic- 
duced(268)  to  the  oibit  of  Mars  give  the  three  places  in  ®  2&°.  12'.  34",  &  7°. 
a'.  26",  and  v  16°.  ll'.  9".  Hence,  by  KEPLER'S  hypothesis,  the  place  of  the 
aphelion  is  found  to  be  in  WR  0°.  39'.  2"  with  the  c\ceutiicity  ,09292,  the  scuu. 
axis  major  being  unity;  and  Uie  gicate&t  equation  10°.  39'.  29".  Mkm.  d'As- 
ft  on.  page  474. 

The  same  method  may  be  applied  to  Venus  fiom  the  conjunctions  observed 
in  the  yeais  J715,,  1716  and  1718  ,  fiom  which  it  appears,  that  the  places  of 
Venus  seen  fiqm  the  sun  upon  the  ecliptic  wie  in  1715  on  Januaiy  26,  at  8//. 
34'.  mean  time,  in  Si  6°.  22'.  58",  in  1716  oil  .August  28,  at  167*  36'.  42"  in  x 
5°.  49'.  2"j  and  in  1718  on  Apnl  8,  at  1C7/  15'.  11".  in  *  18°.  42'.  13",  which 
places  reduced  to  the  orbit  of  Venus  will  be  si  6°.  2,5'  52",  *  5°.  49'.  53"  and 
*  18°.  39'.  24".  Hence,  by  the  simple  elliptic  hypothesis,  the  true  place  of 
the  aphelion  in  1716  is  found  to  bo  &  6°.  ,50',  the  greatest  equation  40'  8"; 
«id  the  ewe.itnaty  0,00715.  As  the  orbit  of  Venus  diffeis  but  very  httlenoiu 
a  ciiclc^thcie  is  no  occasion  for  any  conection.  JKlem.  d'Astron.  page  5G2. 
CASSIA,  in  bis  Table ,,  makes  the  gieatest  equation  49'.  6".  Dr.  HALLEY  makes 
it  48',  M,  de  la  J^ANE*  makes  it  47'.  20". 

Upon  the  same.  punc,ij>lc  we  may  deduce  the  place  of  th»  aphelion,  orsccntn- 
city  and  equation  of  the  orbit  of  Mercury;  but  as  the  proper  obseivations  foi 
this  puipose  happen  at  a  consumable  distaacc  of  time  fiom  each  othei,  it  will 
be  piopcr  to  allow  for  the  motion  of  the  aphelion  m  the  inteivals,  winch  CAS- 
SINI  assumes  (fioui  what  he  \Vc\b  best  able  to  collect  fiom  the  obseivations  be- 
fore made)  at  i',  20"  m  a  year,  by  which  means  the  motion  is  xecluccd  to  the 
ojbit  as  immoyeuWe.  In  1661  on  May  3,  at  4*.  48'  28"  mean  time,  the  true 
place  of  Meicuiy  was  found  to  be  in  m  13°.  33'.  27"  in  respect  to  the  ecliptic, 
and  13°.  B9f^  10"  on  its  otbit.  In  1690  on  November  9,  at  ISA.  6'.  it  was  in 
«  18°.  20'  46"  in  ic-pcct  to  the  ecliptic,  and  18°.  22'.  28"  on  its  orbit.  In  I6fc7 
OH  November  a,,  al  l-ih.  4Sf  it  was  in  «  11°.  33'.  50"  in  respect  to  the  ecliptic, 
arid  Jl°.  82'.  SO"  on  its  orbit.  Now  between  the  two  first  obseivations  the  mo- 
dern of  the  aphelion  was,  by  supposition,  89'.  20"j  and  between  the  fiist  and 
last  it  was  48'.  40",  these  subtracted  from  the  second  and  thiid  observations 
give  the  places  £a  the  wbit  H  17°.  43'.  8"  and  «  10°.  43'.  50"  in  respect  to  the  first 
observation,  the  oibit  being  supposed  at  rest.  Hence,  by  subtracting  *  18°. 
33',  10"  Irora  »  11*.  4#  »",  we  fc^e  «'.  4'.  9'.  $8*  for  the  sum  of  tbe  two  true 
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anomalies  of  Mercury  between  the  first  and  second  observations,  the  aphelion 
lying  between  the  two  observed  places;  and  by  subtracting  »  10°,  43'.  50"  from 
*  17°.  43'.  8",  we  have  6°.  59'.  18"  for  the  diffeience  of  the  true  anomalies  be- 
tween  the  second  and  third  obsei  vations.  Also,  if  we  subtiact  39'.  20"  from  6'. 
26°  20'.  35'  the  mean  mofaon  between  the  two  first  obseivations,  and  48'.  40" 
fiom  6s.  21°.  51'.  r  the  mean  motion  between  the  first  and  thud  obseivations 
we  shall  have  6'.  25°.  41'.  is'  and  6«.  21°.  2'.  27"  for  the  sum  of  the  mean  ano! 
makes  in  these  intervals  ;  hence,  4°.  38'.  48"  is  the  mean  anomaly  corresponding 
to  the  two  last  observations,  answenng  to  6°.  59'.  18'  of  true  anomaly.  Hence 
fiom  the  simple  elliptic  hypothesis,  the  aphelion  of  Meicury  at  the  second  obser' 
vafion  is  found  to  be  in  *  10°.  51'.  5O",  excentiicity  0,21574,  the  mean  distance 
being  umtyj  and  the  gieatest  equation  24°.  55'.  4".  This  corrected  seveial 
times  gives  the  tiue  place  of  the  aphelion  on  November  9,  1690  in  1  12°  22'  2^' 
Ute  excentiicity  O,20878  and  the  gieatest  equation  24°.  3'.  CASSim  in  hfc 
Tables,  makes  it  24°.  2'.  58".  Di.  HALLEY  makes  it  23°.  42'.  36"  M  do  K 
LANDE  makes  it  23°.  40'.  '  * 

•  257.  Besides  these  methods  of  determining  the  position  and  excentncity  of 
the  plane,taiy  oibits,  we  shall  explain  anothei  method,  which  maybe  sometimes 
very  successfully  used,  and  is  moreover  strictly  geometiical.  By  Art.  217  we 
may,  find  the  distance  of  a  planet  from  the  sun  m  any  point  of  its  orbit  The 
Pioblem  therefore  is,  given  m  length  and  position  three  lines  drawn  fiom  the 
focus  of  an  ellipse,  to  deteimme  the  ellipse. 

FIG.         258.  Let  SB,  SC,  SD  be  the  three  lines  j  produce  CJB,  CD  and  tat*  ?H  - 
55.      W  .  MB  :  EC,    and    SC  .  SD     CF  .  DF,  then  SC-SB  :  SC    W         - 


and  diaw 


CI,  BH  perpendicular  to  it.  Now  by  similai  tnangles,  1C    HB--  EC  • 
(by  con.)  SC  ;  tfBtdao,  1C  :  KDi:  CF  :  DF-  XC  .  m' Hence  the  i 
tion  of  1C,  HB,  %D  is  the  same  as  SC,  SB,  SD,  consequently  iWth 
rectrix  of  the  ellipse  passing  through  23,  C,  Z).    Through  S  diaw  AbQG  net 
pendicular  to  FEf  take  OA  ,  AS-.CI:  CS,  and  GQ  :  SQ::CI:  Ctf,  then 

/T_L  f*Q  •  /^C»    /^C*    O/~fc       CAJV  X  (TO          i  ^xy       CS  X  (r\ 

CI+CS  .CS  .OS.  SQ^——^;  also,  ^=^£^,  and  ^  Q  w:11  bfi  fte. 
vertices  of  the  come  section. 

259.  GriEufeto*.  In  the  tnangles  SBC,  SCD  we  know  two  sides  and  the 
included  angles,  they  being  the  distances  of  the  observed  places  upon  the  orh,t . 
hence  we  can  find  BC,  CD  and  the  angles  BCS,  SCD,  and  consequents  BCD 

HT6JW8)  WlkTW  ^  ^  ^  and  the  angle  ECF  being  also  known,  the 
angle  C2^  can  be  found.  Theiefore  m  the  light  angled  triangle  CIE  CE  and 
the  angle  E  are  given  j  hence,  C/  is  known.  Join  SI,  then  in  the  triangle 
SIC  we  know  C7,  CS  and  the  angle  W  (  =ECI-.BC$J:  hence  we  know^'J 
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and  the  angles  CIS,  CSI,  and  therefore  the  angle  SIG  is  known  ;  hence,  in  the 
right  angled  triangle  SIG,  we  know  SI  and  the  angle  SIG,  from  whence  &Gis 
found.  Hence  (258)  we  know  SA,  !>Q,  half  the  difference  of  which  is  the  ex- 
centncity,  and  their  sum  =AQ.  Lastly,  in  the  tiiangle  BSO  CO  being  the  other 
focus)  we  know  all  the  sides,  to  find  the  angle  BSA,  the  distance  of  the  aphe. 
lion  fiom  the  observed  place  B. 

In  the  year  1740  on  July  17,  August  26,  September  6,  M,  de  la  CAILLE 
found  three  distances  of  Mercury  (the  mean  distance  being  10000)  as  follows  5 
£5  =  10351,5,  £0=  11325,5,  SZ>  =  9672,  166,  the  angle  BSC  =  3>.  27°.  o'  35" 
and  C£D  =  44°.  4O'.  4".  Hence,  .BOS  =29°.  55'.  5",  EC-  18941,  SCD  =  5Q\ 
49',  CD  =  8124,5,  J?CF=86°.  44'.  5",  CJS  =  215004,  CF=55647,  CEF=14° 
41'.  44",  C/=5454S,  CSI=124°.  47'.  45",  CIS=9°.  49'.  4",  S/=47281  SIG 
=  80°.  10'.  56",  SG  =  *6589,  SP  =  801O,S,  SA  =  1M09,  £0=4198,5j  hence, 
tiie  exeentricity  =  2099,75,  BSA  =  n°.  37'.  23"  or  a*.  11°.  37'.  28"  which  added 
to  6s.  2°.  13'.  51",  the  position  of  SB,  gives  8'.  13°.  51'.  14"  for  the  place  of  the 
aphelion.  Hence,  the  greatest  equation  is  24°.  3'.  5". 

260.  Or  from  the  same  data  the  place  of  the  aphelion  and  cxcentiicity 
may  be  thus  found.  Put  the  semi-axis  major=l,  SB=a,  SD  =  b  &C=c- 
the  angle  BSD  =  v,  BSC=u,  JBSQ=x,  OS=e,  half  the  parameter^ 

Then  (see  my  Conic  Sect.  Ellipse,   Piopos.   16.)  ff- 

i  + 


e   cos.  of9 


__ 
1  +<?.  cos.  v+x>  c-i+e.  co9          '  Iience'  »"=«  +  «*•  cos.  x=   +  e,  cos. 

=c  +  ce.  COS.M  +  O?,  therefore 


_  ..-.. 

low  for  cos.  v  +,  and  cos.  u+x  substitute  eos.  v.  COB.  ^>sin.  V.  sin.  ,  and 
.os.  u.  cos.#-sm.tt.  sin.  *  (Trig.  Ait.  102)  and  we  shall  have 


b—  a  _  c 

"" 


Lvide  each  denominator  by  cos.  x,  and  we  have 


—  .  cos.v  +  b.  sin.  i>.  tan. 


r    r  rm  Tnnn  ,L  Llu 


.c  —  ar.  sin.  «>  -  c.i  -  a.  sin, 
vhichgivestheplaceofthepeiihelion.  Hence,  we  Hfmrrr:  c~g 

he  excentricity;  coirsequentiv  I  _e  and  T  ^^  +K         -u  i 
ances  P 


_  ^ 

ances  are  known.    Ths  P  and  aphellon  dis' 
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ellipse  being  thus  detei  mined,  its  major  axis  may  be  thus  fottttd.  Compute 
the  mean  anomaly  corresponding  to  the  angle  C&B,  then  Say,  as  that  mean 
anomaly  3GO°  the  time  of  descubing  the  angle  CSB  •  the  Anodic  lime. 
Ihc  peuodic  time  bang  known,  the  majoi  axis  is  found  (2 18)  fey  KEPLER'S 
lime. 

261.  Having  explained  the  diffelent  method*  of  finding  the  place  of  the 
aphelion,  cxceutacrty  and  greatest  equation  j  it  will  be  piofwr  to  explain  the 
methods  of  examining  at  any  time  these  elements  in  order  to  apply  such  cor- 
rections as  may  be  found  necessary.     M.  de  la  LANDE  proposes  to  examine  the 
place  of  the  aphelion  by  two  observations,  one  near  the  aphelion  aad  the  otttet 
iteai  the  mean  distance,  supposing  the  equation  of  the  center  to  be  km>wW. 
Calculate  for  each  observation  the  equation  of  the  center  from  the  supposed 
place  of  the  aphelion,  and  take  the  difference  of  the  equations,  if  the  two  obscr* 
vafaons  be  on  the  tame  side  of  the  aphelion,  but  the  sum  if  on  dtffkrent  Sides; 
and  the  diffeicnccol  slim  of  the  equations  will  show  how  much  the  tme  motion 
differs  from  the  mean,  the  mean  being  known  from  the  known  mtei  val  of  the  ob- 
sewations.    Hence,  if  the  difference  calculated  agree  witli  th*  difference  oh- 
seived,  the  place  of  the  aphelion  was  rightly  assumed,  but  if  the  Hue  motion  fey 
calculation,  diffei  more  from  the  mean  motion  than  the  ttue  motion  by  obser- 
vation does,  Ac  place  of  the  aphelion  was  too  neai  to  01  toofei  from  the  obser- 
vation made  near  the  mean  distance.     Assume  therefoie  another  place  for  the 
apluOion,  as  you  may  judge  propei  from  the  ciicumstances,  and  trying  again, 
you  will  soon  find  the  ti ue  place.     Foi  at  the  mean  distance,  the  equation  being 
a  maximum  *t  alters  thcie  but  a  very  little  foi  some  time;  therefoie  the  whole 
diffeience  aiiscs  principally  fiom  the  equation  at  the  obseivation  near  the 
aphelion,  consequently  the  altciatiou  of  the  place  of  the  aphelion  will  destroy 
that  difference. 

262.  M,  de  laJlANDE  proposes  another  method  of  examining  the  place  of 
the  aphelion  of  the  orbits  of  Venus  and  Mercwy,  by  means  of  then  gi  eatcst  clou- 
no,      gationswhcn  at  theii  mean  distances.    Let  E  be  the  caith,  Fthe  place  of  the 
56.     greatest  elongation  and  A  the  aphelion  according  to  flic  Tables  to  be  examined  j 

a  the  tiue  place  of  the  aphelion.  Now  the  planet  being  neai  its  mean  distance', 
its  computed  heliocentric  longitude  will  not  be  sensibly  altered  by  a  small  al- 
teiaton  of  the  aphelion,  but  its  distance  fiom  the  sun  will  be  most  alteied;  we 
way  therefoic  suppose  the  observed  place  to  be  at  w;  hence  the  difference  (rf) 
6f  &«  observed  and  computed  longitudes  is  the  angle  FEv.  For  any  assumed 
aJr««ti(m  JtStt  (ni)  of  the  aphelion  compute  the  vanation  Vv  of  the  distance, 
and'  tltence  find'  the  couespondmg  angle  V®o  (ri),  and  we  liave  n  -  d  m  •  tho 
alteration  of 'tie' aphelion  from  the  place  A  in  the  Tables  in  order  to  make  the 
observed  and  computed  places  agree.  The  aphelion  is  too  backward  by  the  an- 
gle ASa,  when  the  perihelion  is  in  inferior  conjunction  and  the  computed  Ion- 
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gitude  is  less  than  the  observed,  or  when  the  aphelion  is  in  infeiioi  conjunc- 
tion  and  the  computed  longitude  is  greatei  than  the  observed.  In  all  other 
cases  the  aphelion  is  too  forward. 

On  May  24,  1764,  at  8k.  7'.  50"  true  time,  M.  de  la  LANDE  observed  the 
gieatest  elongation  of  Meicmy  at »,  at  about  9s.  8°  of  anomaly  in  going  from  supe- 
nor  to  inferior  conjunction,  to  be  22°.  51'.  12",  and  its  longitude  to  be  2s.  26°. 
50.  35".  Now  by  Di.  HALLEY'S  Tables,  its  longitude  at  V  computed  at  that 
time  was  2s.  26°.  51'.  49",  which  was  l'.  14"  gieatei  than  that  observed.  But 
in  the  oibit  of  Mercuiy,  an  angle  ASa  of  1°  answers  to  an  angle  VE*>  of  veiy 
nearly  5',  hence,  to  find  the  angle  ASa  couesponding  to  FJEv  =  l'.  14",  say,  5' 
IV  l'.  14" .  14'.  48"  the  angle  ASa,  theiefore  the  place  of  the  aphelion  m 
Dr  HALLEY'S  Tables  was  14'.  48'  too  backward,  and  the  place  thus  conectcd 
is  round  to  agree  with  obseivation. 

263.  We  have  now  fully  explained  the  diffeient  methods  of  finding  the  place 
of  the  aphelion,  excentucity  and  greatest  equation;  but  as  it  may  appeal,  by 
companng  the  computations  with  observations  that  the  elements  may  not  be  ac- 
curate, M.  de  la  CAILIE  has  given  the  following  method  of  conectmg  them 
which  will  be  best  understood  by  an  Example;  we  shall  therefore  give  that  pub- 
lished by  himself  in  the  Htstoire  de  TAcadMe  Royak  des  Sciences  foi  the  year 
1750,  upon  the  elements  of  the  theory  of  the  sun.    Let  AIOM  be  the  eaith's     PIr 
orbH,  S  the  sun,  M,  J,  O*  three  places  of  the  earth  observed  on  Maich  29       57 
July  6,  and  October  S,  m  the  year  1749;  A  the  aphelion,  supposed  to  be  in  3'. 
8  .  88, ^  51    on  Januaiy  l,  1749,  and  its  annual  motion  l'.  3".     The'  sun's 
mean  longitude  at  the  same  time  was  supposed  to  be  9'.  10°.  15'  6"     By 
obseivation,  M.  de  la  CAILLE  found  the  angle  ZSM=95°,  27'.  7",  JTSO= 
85°.  58'.  34",  these  being  the  dirTeiences  of  the  thiee  true  Anomalies/  and  the 
couesponding  mean  anomalies  were  97°.  34'.  26",  and  87°  42'.  26".    Now  we 
first  mate  two  suppositions  for  the  excentncity,  and  assume  two  true  anomalies 
foi  the  point  M,  and  from  thence  calculate  the  angle  ISM  and  compare  it 
with  the  observation. 

*  TVo  of  the  observations  ought  to  be  near  the  mean  distance,  and  cue  wear  the  apsides  QI  two  ' 
neai  the  aphelion  and  one  near  the  mean  distance,  as  such  observations  wiH  add  to  the  accuracy  of 
the  conclusion     Two  observations  near  the  apside.  will  best  determine  the  place  of  the  aphelion 
and  two  near  the  mean  distance  will  gwe  most  accuracy 'the  equation     The  obsei  rations  may  l>4 
made  at  any  intervals  of  time,  provided  we  know  the  motion  of  the  aphehon,  io  as<o  be  able  to 
reduce  the  observatums  to  what  they  would  have  been  if  the  orbit  had  been  fixed,    Tile  longitude* 
should  also  be  reduced  (268)  to  the  orbit  of  the  planet.    The  time  of  the  planet's  revolution i  »  also 
to  be  known,  in  ordei  to  find  (239)  its  mean  motion 
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Excentricity  supposed 

First  assumed  tiue  anomaly  of  M 
Hence,  the  true  anomaly  of  I 
Mean  anomaly  of  M  by  calculation 
Mean  anomaly  of  /  by  calculation 
Sum  of  the  two  mean  anomalies  ex  hyp. 
Sum  of  the  two  mean  anomaliesfiomobs, 
Diffeience,  or  error  of  the  hypothesis 

First  Hypothesis 
0,01681 

Second  Hypothec 

0,01685 

89d.  50'      0",0 
5  .   37  .     7 
91  ,  45  .  34,  6 
5  *  48  .  34,  5 
97  .,34.    9,1 
97  -  34  .  26 
-     16,9 

89°.  50'*     0",0 
5.   37.     7 
91  .  45.  50,  9 
5.  48.  36,  1 
97  .   34.  27 
97  .   34.  26 
+       1 

Second  assumed  true  anomaly  of  M 
Hence,  the  true  anomaly  of  / 
Mean  anomaly  of  M  by  calculation 
Mean  anomaly  of  /  by  calculation 
Sum  of  the  two  mean  anomalies  ex  hyp 
Sam  of  the  two  mean  anomalies  from  obs 
Difference,  or  error  of  the  hypothesis 

89  .  40  .    0,  0 

5  .  47  .     7 
91  .   35.  34,7 
5  .  58  .  54,  9 
97  .   34    29,  6 
97  .   34.  26 
+       3,6 

89  .  40.    0,  0 
5.  47-    7 
91.   35.  50,  9 
5.  58.  56,6 
97-   34.  47,5 
97.   34.  26 
-    21,5 

Hence  we  have  the  following  proportion  for  each  hypothesis;  As  the  sum  of 
the  errors  (or  difference  when  they  have  the  same  sign)  :  the  kast  erroi :  the 
difference  of  the  two  true  anomalies,  suppose  m  M,  the  quantity  to  be  applied  to 
the  assumed  anomaly  in  M ,  answering  to  the  least  error ,  this  quantity  is  to  be 
added  or  subtracted  according  as  the  sign  of  the  enor  was  -  01  +.  With 
the  assumed  anomaly  in  M  thus  collected,  and  the  same  excentucity,  we  pro- 
ceed as  before , 


Corrected  anomaly  of  AT      - 
Hence,  the  anom^  of  I     - 
Mean  anomaly  of  M  by  calculation    *     - 
Mean  anomaly  of  /  by  calculation    -    - 
Sum  of  the  two  mean  anomalies  ex  hyp. 
Sum  of  the  two  mean  anomalies  from  obs. 
Difference,  or  eiror  of  the  hypothesis    - 

We  have  theiefore  two  suppositions  of  the  excentncity  which  answer  to  the 
two  observations  in  Mand  /.  We  must  theiefore  next  see  Low  these  hypo- 
theses  will  agree  with  the  observations  in  /  and  O.  Assuming  therefore  the 
anomalies  in  I  as  above,  we  proceed  thus  : 


First  Hypothesis 
89°.  41'.  46",0 

Second  Ilypotfasis 
89°.  50'.  26",7 

5  .  45  ,  22, 

5  .  36  .  43, 

91  .  37  •  19,7 

91  .  46  .   14,9 

5  .  57  .     6,3 

5  .  48  .   11,2 

97  .  34  •  26, 

97  .  34  .  26,1 

97  .  34  .  26, 

97  .  34  .  '26 

0.0.0 

-1-        0,1 

PLACE  OF  THE  APHBLIA  OF  THE  ORBITS  OF  THE  M.ANETS. 
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First  Hypothesis 

Second  Hypothesis 

5°.  57'.    6",3 

5°.  48'.  ll",2 

87  .  42  .  26 

87  .  42  .  26 

93  .  39  .  32,3 

93  .  30  .  37,2 

5  .  45  .  22,0 

5  .  36  .  43,0 

85  .  58  .  34 

85  .  58  .  34 

91  .   43  .  56 

91  .  35  ,  17 

93  .  39  .  24,5 

93  .  31  .     2,6 

-       7,8 

+       25,4 

The  mean  anomaly  of  7  was  found    -    - 
Mean  anomaly  answering  to  the  angle  750 
Hence,  the  mean  anomaly  of  0  is     - 
Tiue  anomaly  of  7         - 
The  angle  ISO  by  obseivation 
Hence,  the  tiue  anomaly  of  O    - 
Hence,  the  mean  anomaly  of  0  fiom  obs. 
Difference  fiom  that  which  we  want  to  find 


Hence,  we  have  the  following  proportion;  As  the  sum  of  the  errors  (or  diffe- 
rence when  they  have  the  same  sign}  .  the  ke&t  error  (which  here  belongs  to  the 
fiist  hypothesis) ::  $e  difference  between  the  two  supposed  eccentricities  •  the 
quantity  to  be  applied  to  the  Jirst  eccentricity,  hence,  33",2  .  7",8  '0,00004 
0,0000094;  now  one  excentncity  giving  a  result  —  ,  and  the  other  +  ,  the  tiue 
excentncity  must  be  between  them  j  hence,  0,01681  +  0,0000094 =0,01 68 194 
the  excentncity. 

Again,  As  the  sum  of  the  same  errors  :  the  least  error  the  difference  of  the  tzvo 
true  anomalies.,  suppose  mM9  :  the  quantity  to  be  applied  to  the  true  anomaly  m  M 
answering  to  the  least  difference  ;  hence,  33",2  :  7",8  8',  39"  ••  2'.  2",  which 
added  to  89b.  41'.  46"  gives  89°.  43'.  48"  the  tiue  anomaly  of  M.  But  the 
obseived  place  of  M  was  8°.  55'.  21"  of  longitude ,  hence,  the  place  of  the 
aphelion  on  March  29,  was  3s.  8°.  39'  9".  And  if  we  allow  15"  for  the  motion 
of  the  apogee  in  respect  to  the  equinoctial  points  from  January  1,  we  shall  have 
the  true  place  of  the  sun's  apogee  on  January  1,  1749,  to  be  3*.  8°.  38'.  54". 
From  the  mean  of  several  observations,  M*  de  la  CAIIXJE  found  the  apogee  at 
that  time  to  be  3s.  8°.  39'  40",  and  the  excentiicity  0,0168293. 

264.  All  the  epochs  in  oui  Astionomical  Tables  aie  reckoned  from  noon  on 
December  31,  m  the  common  yeais,  and  from  Januaiy  1,  in  the  bissextiles. 
Hence,  to  find  the  epoch  of  the  mean  longitude,  from  the  place  of  the  aphelion 
and  the  Uue  longitude  of  the  planet  at  the  time,  you  have  the  distance  of  the 
planet  fiom  the  aphelion,  or  the  tiue  anomaly,  from  which  find  the  mean  ano- 
maly and  add  it  to  the  place  of  the  aphelion,  and  you  have  the  mean  longitude 
at  that  time.  Then  take  the  interval  fiom  that  time  to  that  of  the  epoch,  and 
find  the  mean  motion  coirespondmg,  and  add  it  to  the  mean  longitude,  and 
you  have  the  mean  longitude  at  the  epoch.  If  you  know  the  time  when  the 
planet  passes  the  aphelion,  you  have  then  only  to  add  to  the  place  of  the  aphe- 
lion the  mean  motion  fiom  that  time  to  the  time  of  the  epoch,  because  at  the 
aphelion  the  tiue  and  mean  longitudes  are  the  same, 

Ex.  On  June  29,  1744,  at  ISh.  Si.  46"  the  sun  was  found  in  its  aphelion 
in  3*.  8  .  31'.  55".  From  that  time  to  the  lajst  day  of  December  at  noon  is 
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184  days  8h.  2.  14",  in  which  time  the  mean  motion  is  6s.  1°.  4O'.  21",  which 
added  to  3s.  8°.  31',  55"  gives  9s.  10°.  13'.  16"  for  the  mean  longitude  on  De- 
cembei  31  ,  1744,  at  noon,  as  deduced  from  this  one  obseivation.  From  the 
mean  of  seveial  obseivations,  M.  de  la  CAILLE  makes  the  mean  longitude  at 
the  beginning  of  1749,  to  be  9s,  10°.  15'.  17V- 


On  Februaiy  15,  1743,  at  19fe.  17'.  40"  true  time,  the  mean  anomaly  of 
Mars,  accoidiug  to  M,  de  la  LANDE,  was  11s.  25°.  6'.  42",  and  the  place  of 
the  aphelion  5s.  1°.  20'.  39",  the  sum  of  which  is  4$,  26°.  27'.  21"  the  mean 
longitude  of  Mars  at  that  time  ,  and  the  mean  motion  of  Mars  fiom  that  time 
to  Januaiy  1,  1744,  (that  being  leap  year)  was  15s.  17°.  16'.  53";  hence  we 
find  the  mean  longitude  for  Januaiy  1,  1744,  to  be  10s.  13°.  45'.  14".  In  like 
mannei  we  find  the  epochs  of  the  mean  longitudes  of  all  the  planets. 

MEAN  LONGITUDE  FOR  THE  MERIDIAN  OF  PARIS, 
FOR  THE  BEGINNING  OF  1750. 


Planets 

M.  CASSINI 

Di.   HALLE  Y 

M.  de  la  LANDE 

Sun 

9s.  10°.    0'.  35" 

9s.  10°.    0'.   13" 

9',  10°.   0'.  35",5 

Mercury 

8.  13.    19.     5 

8.    13.     7.   45 

8.    13.  11.   15 

Venus 

1.   16.     19.  21 

1.    16.   19.    23 

1,    16.  20.  48 

Mars 

0.   21.     58.  43 

0;    21.  58     30 

0.    21.  58    47 

Jupiter 

0.      4.       0.  59 

0.      4       5     17 

0.      3.  42     29 

Saturn 

7.  20.    41.  56 

7.    20.  26.   24 

7.    21.  20    22 

PLACE  OF  THE  APHELIA  FOR  THE  BEGINNING  OF  1750, 


Planets 

M,  CASSINI 

Dr.  HALLEY 

M.  de  la  LANDE 

Meicury 

8s.  13°.  41'.  18" 

8s.  13°.  27'.  12" 

81.  13°.  33'.  58" 

Venus 

10.      7.    38,     0 

10,     7.     18.  31 

10.     7      46.  42 

Earth 

3.      8.    27.  23 

3.     8.     28.  43 

3.     8.     37    16 

Mais 

5,      1.    36.     9 

5.      1.     31.  38 

5.     1.     28.  14 

Jupitei 

6.    10.    14.  33 

6*   10.     33.  46 

6.   10.     21.    4 

Satuin 

8     29.    13    31 

8.  29.     39.  58 

8.  28.       9.    7 

PLACE  OP  THE  AFHEllA  OP  THE  OBBITS  OF  THE  PLANETS. 
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EXCENTRICITY  OF  THE  ORBITS, 

The  mean  distance  of  the  Earth  from  the  Sun  being  100000. 


Planets 

M.  CASSINI 

Dr.  HALLEY 

M.  de  la  LANDE 

Mercury 

8092,5 

7970 

7955,4 

Venus 

517 

504,985 

498 

Eaith 

1690 

1691,9 

1681,395 

Mars 

14155 

14170 

14183,7 

Jupitei 

25060 

25078,6 

25013,3 

Saturn 

5*320 

54381,4 

53640,42 

Geoigian 

#        *        # 

*        #        # 

90804 

GREATEST  EQUATIONS. 


*    #     # 

1740, 

1719, 

1750, 

Planets 

M*   CASSINI 

Dr.  HALLET 

M.  de  la  LANDJE 

Meicmy 

24°.     2'.  58" 

23°.  42'.  36" 

23°.  40'.     0" 

Venus 

0,     49.     6 

O.    48,      O 

O.    47.     20 

Eaith 

1      55.  51 

1.    56.    20 

1.   55.     36,5 

Mais 

10.     39.   19 

10.     40.      2 

10,    40.    40 

Jupiter 

5.     31.   17 

5.     31.  36 

5.    30,    38,3 

Saturn 

6.     31.  40 

6.     32.     4 

6.    26,    42 

Georgian 

*       #     * 

*       *       # 

5,    27-    16 

The  place  of  the  aphelion  of  the  Georgian  Planet  in  1788,  was  II1,  ltf»,  IS'. 
30",  and  mean  longitude  8'.  14°.  49'.  14",  according  to  M.  de  la  LANM, 
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265.  The  greatest  equations,  and  consequently  the  excentucities  of  the  orbits, 
are  subject  to  a  variation,  arising  from  the  mutual  attractions  of  the  planets. 
M.  de  la  GEANGE,  m  the  Berlin  Acts  for  1782,  has  calculated  the  vanation 
of  the  greatest  equations  foi  each,  fipm  the  atti  action  of  the  others,  and  has 
found  it  for  100  yeais  to  l>e  as  m  the  following  Table, 


*       *       * 

Mercury 

Veuus 

Earth 

Mais 

Jupiter 

Satiun 

TTI         "\  If 

Ow  rt./-k 

„ 

By  Mercury 

—   9  ,02 

,80 

4-    0,22 

—  Venus 

+  S",04 

*  #  * 

+    4,  18 

-h    O,  22 

*    *   * 

#    #    # 

—  Earth 

+  0,58 

-   9,02 

#   *  * 

+    3,  66 

*    *    * 

#    *    * 

—  Mais 

-0,  22 

~   0,  64 

-    4,  94 

#      X     # 

-   0",02 

#    *    * 

—  Jupitei 

-1,  26 

-    6,  16 

-16,02 

+  31,  68 

*         *        # 

-  1'.  50",6 

—  Satuin 

+  0,  02 

-    0,  14 

-    0,  08 

+    1,  SO 

-I-  56,  28 

*     *    # 

Whole  Change 

+  2,  16 

-24,  98 

-   17,66 

+  37,08 

+  56,  26 

-1.  50,6 

FIG. 

57. 


In  this  Table,  the  quantity  of  mattei  in  Venus  is  supposed  to  be  1,31,  that 
of  the  Earth  being  unity ,  but  the  density,  and  consequently  the  quantity  of 
matter  in  Venus  is  subject  to  some  uncertainty.  If  any  other  quantity  of 
mattei  be  assumed,  the  numbers  in  the  hoiizontal  line  oppobitc  to  Venus  will 
vary  m  the  same  latio.  The  equation  of  the  Georgian  Planet  is  diminished 
0/;,0l  by  Jupitei ,  and  0",1  by  Saturn,  according  to  M.  de  la  GRANGE 

A  new  Method  of  correcting  the  Ekments  of  the  Orbit  of  a  Planet. 

266.  IJS&MMA*  If  suay  quantity  z  bo  assumed,  and  the  value  of  any  function 
of  it  be  computed ;  then  $f  *  be  increased  by  any  vciy  small  quantity  t;,  the 
variation  1$  the  same  function  will  be  in  propoition  to  0.  This  is  a  pioposition 
well  known  to  Mathematicians*. 

267  Given  three  observed  hehocentnc  longitudes  of  a  planet,  the  times  of 
observations,  and  its  periodic  tune ,  also  the  place  of  the  aphelion  of  its  oibit, 
and  its  excentncity  are  supposed  to  be  veiy  ncaily  known,  to  correct  these 
two  elements.  Let  S  be  the  sun,  Af,  I,  O  the  thiee  given  observed  places  of 
the  planet^  A  the  estimated  place  of  the  aphelion,  and  AC  the  supposed  excen- 

*  The  pvpciple  on  which  the  truth  pf  tins  depends  M  this  let  A  bo  the  result  of  the  first  compu- 
lation Then  for  z  substitute  s-f  0,  and  compute  Again  the  same  quantity  with  this  new  value  of  x, 
Now  a»  v  is  very  small,  we  may  reject  all  its  powers  above  the  fu*t,  consequently  the  second  result 
wiB  be  A^  wz>,  m  "bekig  scuoe  known  oa&ftkient ,  because  when  v  =  o  the  two  results  must  be  the 
same*  Hence,  the  variation  mv  &f  the  first  ?C9^«Jt  19  m  ptopoition  to  v 

S 
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tucity*  As  the  intervals  of  time  of  the  planet's  motion  from  M  to  /  and  from 
I  to  O  are  known,  and  the  periodic  time  is  given,  the  mean  anomalies  between 
M  and  /,  /  and  0  will  be  known  (222)  ,  call  these  p  and  q  respectively  ;  and 
as  the  points  M,  /,  0,  A  are  given,  the  angles  ASM,  ASI,  A&O  are  known, 
the  three  true  anomalies  ;  compute  therefore  (232)  the  three  corresponding 
mean  anomalies,  and  from  thence  we  shall  know  the  mean  anomalies  between 
Mand  /,  /  and  0  /  call  these  P  and  Q.  Then  if  P  —  p,  and  Qs  q,  the  com- 
puted agree  with  the  observed  places,  and  consequently  the  place  of  the  aphelion 
and  the  excentncity  weie  rightly  assumed.  But  if  P  be  not  equal  to  p9  let  it 
be,  foi  instance,  less  by  m,  and  let  Q  be  less  than  q  by  n.  Now  inci  ease  the 
place  of  the  aphelion  by  a  very  small  quantity  #,  and  compute  the  mean  ano* 
malies  between  M  and  /,  /  and  0  again,  and  let  the  corresponding  errord  be 
m  and  ri.  Hence  fiom  mci  easing  the  place  of  the  aphelion  by  #,  the  alteration 
of  the  mean  anomalies  between  If  and  /,  /  and  0  will  be  m±m  and  n±ri  re- 
spectively, according  as  the  enors  are  of  a  different  01  of  the  same  kind.  Increase 
the  excentricity  by  a  veiy  small  quantity  y,  and  let  the  errors  of  the  mean  ano- 
malies between  M  and  /,  /  and  0  be  m"  and  n";  then  will  m±m"  and  n±n" 
be  the  coi  responding  alteiations  of  the  mean  anomalies  from  the  inciease  y  of 
excentncity.  Let  A  and  y  be  the  alteiations  necessary  to  be  made  to  the  first 
assumed  place  of  the  aphelion  and  the  excentricity,  in  ordei  to  correct  the  errors 

m  and  n.     Then  (266)  SB  .  of  <m±m'  .  *'xm±m*  the  change  of  mean  ano* 

#  __^_ 

maly  between  M  and  /  from  the  alteration  off  also  y  .  y'  i  :  m  ±  m"  :  ^-xm±™ 

the  change  which  arises  fiom  the  alteration/.  But  we  want  to  increase  the 
mean  anomaly  between  M  and  /  which  arises  from  the  first  assumed  place  of 
the  aPhellon  ^d  the  excentucity,  by  the  quantity  m,  hence  we  must  assume 


11 
the  change  of  mean  anomaly  between  /  and  0  from  the  alteration  *;  also  y  ;  y1 

•:n±nf/  *  ^~—~  —  the  change  arising  from  the  alteration  y*     But  we  want 

\y 
to  increase  thc  mean  anomaly  between  J  and  O  from  the  first  assumption,  by 

the  quantity  n,  hence,  we  must  assume  •r/xnifc??'  +!/  ***•*£  '  =n     put  *n±m' 

x  y  '  x 

_„    m±m     ,   n±ri         n±n"       ,        ,        . 
-a,  __=^___  -c,  -_  =  ^,  and  we  have  ax+ty~m,  cx'+dy'-n, 

hence,  *'  =djn~^n  and  y-c^~ffln,  the  coirections  to  be  made  to  the  first 

da  —  >  uc  ct)  ~~  (id 
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assumed  place  of  the  aphelion  and  the  excentncity  in  older  to  make  the  com- 
puted agiee  with  the  obseived  mean  anomalies*  Thus  we  c6rrect  at  once  the 
two  elements.  If  P  or  Q  be  greater  than  p  01  y,  then,  as  the  assumed  place 
of  the  aphelion  and  the  excentncity  give  the  mean  anomalies  between  M  and 
/,  /  and  O  too  gieat  by  m  or  n,  it  is  manifest  that  the  alteiation  which  we 
want  to  produce,  by  alteiing  these  two  elements,  is  to  diminish  the  computed 
mean  anomalies  by  m  or  n>  to  effect  which,  we  must  assume  the  alteiations 
equal  to  —  m  or  —  n.  Regard  must  also  be  had  to  the  signs  of  m±m',  m±m'\ 
n±.rl>  n±n"9  by  considering,  whether  the  assumed  variations  #andy  have 
produced  an  increase  or  decrease  of  the  mean  anomalies  between  M  and  /, 
/  and  0,  and  wilting  them  positive  or  negative  accoidingly.  The  cucmn- 
stance  of  any  paiticulai  case  will  immediately  point  out  these  matteis 

Tojind  the  Reduction  of  a  Planet  to  tJie  Ecliptic. 

PIG,  268.  Let  <*  C  be  the  ecliptic,  AS  the  orbit  of  a  planet,  N  the  ascending 
58»  node,  <v  C  the  order  of  the  signs,  P  the  place  of  the  .planet,  and  Pm  pcipen- 
dicular  to  vC;  then  Nm>  reckoned  from  N  according  to  the  oidei  of  the  signs, 
as  called  the  argument  of  latitude,  because  the  latitude  Pm  depends  upon  Nm; 
hence  to  get  the  argument  of  latitude,  we  must  always  subtiact  the  place  of  the 
node  from  the  place  of  the  planet  reduced  to  the  ecliptic,  adding  12  signs  to 
the  latter  if  it  be  the  least  Take  NAzzNw,  and  the  longitude  of  a  planet 
upon  its  oibit  is  computed  fiom  the  point  A,  hence,  the  longitude  on  the 
oibit  is  AP^AN  +  NP;  and  the  longitude  on  the  ecliptic  is  vmzz  <rN+Nm 
=  AN+Nm;  the  diffeiencc  of  these  longitudes  is  the  diffeience  between  NP 
and  Nm,  which  difference  applied  to  the  longitude  of  the  planet  upon  the 
ecliptic,  adding  it  to  or  subtracting  it  iiom,  according  as  Nw  is  less  or  gi cater 
than  JVjPj,  that  is,  as  iVmis  between  0°  and  90°  or  18O°  and  27O°,  01  be- 
twecn  90°  and  180°  or  270°  and  360°,  gives  the  longitude  upon  its  orbit  This 
difference  is  called  the  Reduction. 

269*  To  find  ifae  reduction,  put  c= the  cosine  of  the  angle  PNw,  ^=the 

racl  x  c 
tangent  of  Nm  the  Argument  of  latitude,   then  the  cotan.  PN  =* — j — . 

hence,  10,  +log.  c.— log.  £=log.  cotan.  PN;  and  the  difference  between  PN 
and  Nm  is  the  reduction  required. 
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7°.   0'.    0"  .        .     Cos.  +10,  =  19,9967507 

SO.  17.  48    -        -        .        .        tan.  st  9,7666171 

SO.  29.     1          ....         cot<  10,2301336 


0.  11.  is  the  Reduction. 


In  the  Tables  of  the  planet's  motions,  a  Table  of  leductions  is  given  which 
applied  to  NP  gives  Nm,  or  applied  to  the  longitude  of  a  planet  on  its  oibit 
pves  the  longitude  upon  the  ecliptic;  but  if  applied  with  a  contrary  sign  to  the 
longitude  on  the  ecliptic  it  gives  the  longitude  on  its  oibit.  In  like  manner  a 
reduction  may  be  applied  to  the  sun's  longitude  to  find  its  right  ascension  or 
the  contrarv. 


the  contrary 


VOL.  i. 


CHAP.  XIV. 

ON  THE  MOTION  OF  THE  APIIELIA  OI<  THE  ORBITS  OF  THE  PLANIiTS 

Art.  270.  HAVING  explained  In  the  last  Chaptei  the  methods  of  finding 
the  place  of  the  apheha  of  the  Dibits  of  the  planets,  we  pioceed  next  to 
determine  their  motion,  ausing  from  then  mutual  attraction,  which  j£  im- 
mediately  done  by  comparing  the  places  as  settled  by  the  ancient  and  mo- 
dern observations;  or  by  comparing  the  length  of  an  anomalistic  with  that 
of  a  tropical  or  sidereal  revolution. 

271.  To  find  the  motion  of  the  Earth' i>  apogee  HIPPARCHUS,  140  years 
before  J.  C.  determined  its  place  to  be  2°.  5°±,  and  by  the  obseivations  of 
WALTHERUS  in  1496,  the  place  was  ibuml  to  be  3s.  3°  57'.  57",  nom  these 
observations,  the  motion  of  the  apogee  is  l'.  2"f  in  a  yeai  in  icspect  to  the 
equinoctial  points.  M.  de  la  CAIIXE  detei  mined  the  place  of  the  apogee  for 
the  beginning  of  the  year  17*9  to  be  3s.  8°.  39',  which  compared  with  the  oh- 
servation  of  WALTIIEBTJS  gives  l'.  6"  for  the  yeaily  motion.  In  the  year  1588, 
TYCHQ  deteimined  the  place  of  the  apogee  to  be  3'.  5°.  30',  and  KEPLER  in 
the  same  year  deteimined  its  place  to  be  3s.  5°.  32'.  These  compared  with  the 
obseivation  of  CASSIOT  in  the  year  1738,  who  determined  its  place  to  be  then 
in  3s.  8°.  19'.  8",  give  about  l'.  7"  for  the  annual  motion.  M.  de  la  CAIIXE 
deteimined  the  length  of  the  anomalistic  year  to  be  26'.  35"  longei  than  the  tro- 
pical yeai,  which  makes  the  motion  of  the  apogee  to  be  l'.  5",5ina  year. 
KEPMSR  made  it  1'.  2",  Riccioms,  l'.  2".  4'".  4/'"  in  a  yeai-  MAYER  in  his 
Tables  makes  it  l'.  6".  Dr.  HALLEY  makes  it  l'.  l"j  and  CASSINT  about  l'. 
1",25.  M.  de  la  LANDB  in  his  Tables  makes  it  l'.  2"  as  computed  by  M.  de 
LA.MBEE  fiom  Dr.  MASKELYNE'S  observations  in  1788?  and  this  detei  initiation 
is  most  to  be  depended  upon,  as  made  by  so  eminent  an  Astronomei,  from 
observations  which  arc  acknowledged  to  be  the  best  that  have  been  ever  made. 
These  motions  aie  in  reepect  to  the  equinox.  If  we  assume  it  lo  be  l'.  2", 
and  the  piecession  of  the  equinoxes  to  be  50"^,  we  shall  have  the  real  motion 
of  the  apogee  to  1 1"|  in  a  year. 

272.  To  determine  the  motion  of  the  aphelion  of  Saturn.  The  place  of  the 
aplebon  in  1694  was  8s.  28°  58',  but  from  three  oppositions  observed  in  the 
yeaia  127,  1S8  and  136,  its  place  for  tlwj  yeai  132  was  7'.  24°.  14'.  29",  which 
makes  the  annual  mouon  l'.  20".  TYCHO  found  the  place  of  the  aphelion  on 
'  December  19,  1590,  to  be  8*.  25°.  4O'.  51",  which  compared  with  the  obseiva- 
tion in  182  gives  l'.  18",5  for  the  annual  motion  The  same  observation  of 
TYCHO  compared  with  the  place  of  the  perihelion  on  December  12,  1708,  in 
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8s.  28°*  25'.  1O",  gives  l1.  3Sw,5forthe  annual  motion.  If  the  same  observation 
of  TYCHO  be  compared  with  the  place  of  the  aph-ehon  in  April  1694  in  8s,  28°. 
58'  it  gives  l'.  55"  foi  the  annual  motion.  CASSINI  conjectured  from  all  this, 
that  the  motion  of  the  aphelion  was  quicker  now  thaft  formerly.  He  also  found 
the  perihelion  in  1 708  not  so  foi  ward  by  a  degree  as  it  ought,  when  compared 
with  the  place  of  the  aphelion  in  1694  at  the  annual  movement  of  i'.  20";  ftom 
whence  he  suspected  that  the  orbit  had  a  librating  motion,  and  that  theie  ought 
to  be  an  equation  employed  between  the  two  points.  The  irregularities  of  Sa- 
turn, however,  as  we  have  before  observed,  are  so  great,  that  we  need  not  won- 
der at  these  diffeiences.  KEPLEII  makes  it  I7.  16".  CASSINI  supposes  it  to  be 
l'.  18",  and  Di.  HALLEY  l'.  20".  M.  de  la  GKANGE,  from  calculating  the  dis- 
turbing force  of  each  planet  upon  the  other,  has  determined  the  annual  motion 
of  the  aphelion  to  be  l'.  6",3.  M.  de  la  PLACE  makes  it  I'.  6",07,  which  M.  de 
la  LANDE  has  employed  in  his  Tables. 

273.  To  determine  the  motion  of  Jupiter9 s  aphelion.     According  to  the  ob- 
servations of  PTOLEMY,  the  aphelion  was  in  rgi  14°,  38'  in  the  year  136  ?  but  in 
1720  it  was  in  =*  9°.  47';  this  gives  57"*  11'"  for  the  annual  motion.     In  the 
yeai  159O,  the  place  of  the  aphelion,  calculated  from  the  observations  of  TYCHO* 
was  foiHid  to  be  in  a  6°.  SO'.  43",  this  compared  with  the  observation  in  172O, 
gives  l'.  30"  for  the  annual  taotion.     If  we  compare  the  places  m  136,  and 
1590,  they  give  54"  for  the  annual  motion.    This  induced  CASSINI  to  think,  that 
the  motion  of  the  aphelion  is  accelerated ;  or  that  it  was  subject  to  some  irre- 
gularities ;  he  states  tbe  motion  at  57".  24'".     KEPLER  makes  it  47".    Dr.  HAL- 
LEY  makes  it  7S".    M.  JEAURAT  computed  the  place  of  the  aphelion  in  1590  to 
be  in  «£-  7°.  49'.  19",  and  m  1762  m  &  10°.  'Stf.  41";  from  wbrch  he  found  the 
annual  motion  to  be  58",4.    EULEH,  fiom  the  theory  of  attraction,  found  it  to 
be  55".     M.  de  la  GRANGE,  57",2.     M,  WAUGENTIN  says,  that  an  annual  mo- 
tion of  62"  best  agrees  with  observation.    M.  de  la  LANDJB  has  employed  56",73 
in  his  last  Tables,  according  to  the  theoretical  deteimmation  of  M.  de  la  PLACE. 

274.  To  determine  the  motion  of  the  aphelion  of  Mars.    From  three  oppo- 
sitions observed  by  PTOLEMY,  the  place  of  the  aphelion  in  135  was  found  to  be 
8s.  S9°*  24' j  and  by  the  observations  made  at  Greenwich  m  1691,  1696  and  m 
1700,  the  place  was  found  to  be  in  5*.  0°.  31',  34;/  in  1696  ;  hence  the  annual 
motion  of  the  aphelion  is  l'.  ll".  47'".  2O"".    KEPLER  makes  it  I1.  7".    Dr.  HAL- 
I&Y  makes  it  l'.  12".    From  comparing  the  place  in  1748  in  5\  1°.  26'.  10"  with 
the  place  in  1592  in  4*.  28°.  49'.  50",  the  motion  is  l'.     The  mean  of  these  de- 
terminations is  l'.  7",5.     M.  de  la  LATSTDE  supposes  it  to  be  I7.  7". 

275.  To  determine  the  motion  of  the  aphelion  of  Venus.     CASSINI  has  found 
from  computing  the  place  of  the  aphelion  from  the  ancient  observations,  a  differ- 
ence of  15°,  from  which  uncertainty  it  is  moie  difficult  to  deteimme  its  annual 
motion*    However,  the  place,  computed  from  the  observations  in  136,  138  and 


148  ON    THE   MOTION    OF  THE   APHELIA 

140,  (and  which  he  thinks  aie  the  most  to  be  depended  upon)  was  found  in 
138  to  be  m  £  21°.  29'$  this  compared  with  the  obseivations  in  1715,  1716  and 
1718  when  it  was  found  to  be  in  &  6°.  SO'  in  1716,  the  annual  motion  is  louncl 
to  be  1'.  42".  50'".  From  compaiing  the  place  in  1596  in  &  1°,  54'  with  the 
place  m  1716  in  a?  6°.  50',  the  motion  is  2'.  28",  HOEROX  fixed  the  place  of 
the  aphelion  in  1639  in  ^  5°,  this  compared  with  the  place  in  1716,  gives  l'. 
26*  for  the  motion.  M.  de  la  LANDE  employed  the  same  method  to  settle  the 
place  of  the  aphelion  of  Venus  as  for  Meicuiy,  which  we  have  explained  in 
Art  262.  By  companng  the  place  of  the  aphelion  in  his  fiist  Tables  with  the 
place  in  KEPLER'S  Tables,  the  annual  motion  comes  out  2',  4l",5*  CASSJNI 
makes  it  I7.  26",  and  Di.  HALLEY  56",5-  KEPLER  makes  it  l'.  18",  Amidst  so 
much  uncertainty,  M.  de  la  LANDE  thinks  it  better  to  depend  upon  the  thcoiy, 
which,  accoiding  to  M  de  la  GJRANGJE,  makes  it  48",5>  and  which  M.  Je  la 
LANDE  employs  in  his  Tables.  On  account  of  the  small  excentncity,  this  un- 
certainty of  the  place  of  the  aphelion  is  not  of  so  much  consequence,  as  an  cr- 
101  of  1°  in  the  place  of  the  aphelion  will  nevei  pi  educe  an  erioi  of  ]'  m  the  he- 

(  liocentnc  longitude. 

1  276.  To  deteimme  the  motion  of  the  aphelion  of  Mercury.    From  the  ob- 

seivations of  the  passages  of  Meicury  ovci  the  sun  m  1661,  1690  and  1697, 
CASSINI  determined  the  place  of  the  aphelion  on  November  9,  1690,  to  be  in 
8s.  12°.  22'.  25"  j  and  upon  supposition  that  the  motion  of  the  aphelion  was  l', 
20"  in  a  yeai,  he  found  that  it  represented  the  passages  very  welhn  1631,  1672, 

I  1723  and  1736.     But  as  these  passages  were  neaily  at  the  same  point  of  the  or- 

bit, it  does  not  sufficiently  establish  l'.  20"  to  be  the  tiue  motion,  as  it  might 
answci  to  the  same  points  neaily,  but  not  to  othei  paits  of  the  oibit.  We 
ought  not  thcicforc  to  be  suipused,  says  M.  de  la  LANDE,  that  a  motion  of 
1  52W,5  by  Br.  HA^XET  answers  equally  well  to  the  same  observations.  KEPLER 

makes  it  1'.  45".  M*  de  la  LANDE  found,  by  the  gieatest  equation,  that  on 
May  6,  1753,  the  place  of  the  aphelion  was  8*.  13°.  55'.  Fiom  companng  this 
place  with  the  place  computed  from  8  observations  of  PTOLEMY,  (rejecting  6 
otheis,  2  of  which  did  not  appear  to  be  reconcilcable  with  each  othci ,  and  4  were 
too  neai  the  aphelion)  he  found  the  motion  to  be  I7,  10"  m  a  yeai,  which  he 
constructed  his  first  Tables  upon  ,  observing  however  at  the  same  time,  that 
this  motion  does  not  agree  pcitectly  with  the  observations  in  this  centmy.  lie 
has  sine*  found  that  a  motion  of  56",2£  will  best  agiee  with  obseivatiou;  ami 
this  he  ha»  assumed  m  his  last  Tables.  M.  de  la  GRANGE  makes  it  57"  by  theory* 
The  motions  of  theaphelia  heie  deteiminecl  aie  their  motions  in  longitude  j  if 
theiefore  we  subtract  50",25  (the  annual  precession  of  the  equinoxes)  from 
each,  we  shall  get  their  real  motions, 
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MOTION  OF  THE  APHELIA  IN  ONE  HUNDRED  YEARS. 


Planets 

M.  CASSINI 

Dr.  HALLEY 

M.  de  la  LANDE 

Mercury 

2°.   13'*  20" 

1°.  27'.  37" 

1°.  33'.  45" 

Venus 

2.     23.    20 

1.    34.    13 

1.     21.      0 

Earth 

1.    42.    55 

1.    41.      7 

1.     43.    35 

Mais 

1.    59.    38 

1.    56.    40 

1.     51.    40 

Jupiter 

1.     35.    42 

2.      O.      0 

1.     34.     33 

Saturn 

2.       9,    44 

2.     13.    20 

1.    50.      7 

Accoiding  to  the  calculation  of  M.  de  la  GRANGE,  the  aphelion  of  the 
Georgian  Planet  is  piogiessive  3",17  m  a  year,  from  the  action  of  Jupiter  and 
Satuin  ,  consequently  its  motion  m  longitude  is  50",25-f3",l7~53"42.  He 
has  also  calculated  the  effect  of  each  planet  m  distiubmg  the  aphehaof  the  rest* 
The  following  Table  contains  the  annual  efiect. 

ANNUAL  MOTION  OF  THE  APHELIA. 


•     • 

Meicury 

Venus 

Earth 

Mars 

Jupiter 

Saturn 

By  Meicmy 
—  Venus 
—  Earth 
—  Mais 
—  Jupitei 
—  Saturn 

0/84 
0,04 
1,56 
0,08 

-  4",30 

-    5,06 

+    1,  18 
+    6,  38 
H-    0,08 

~    O*,42 
+    5,20 

.               4 

+    1,  54 
+    6,79 
+   0,  19 

0",02 
0,70 
1,  92 

#         •          • 

12,  31 
0,70 

o",oo 

0,01 
0,01 
0,00 

6,56 

o",oo 

0,00 
0,00 
0,00 
15,  99 

Real  motion 
Precession 

6,66 
50,  25 

-    1,72 
50,  25 

13,  30 
50,  25 

15,  65 
50,  25 

6,58 
50,  25 

15,  99 
50,  25 

Mot.  in  long. 

56,91 

8,  53 

63,  55 

65,  90 

56,  88 

66,24 

M.  dela  GRANGE  heie  supposes,  as  befoie,  the  density  of  Venus  to  be  1,31, 
but  M.  de  la  LANDE  makes  it  only  0,95 ,  for  this  density  therefore,  the  second 
homontal  line  must  be  diminished  in  the  ratio  of  1,31  to  0,95. 
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KBPLEE  makes  the  earth's  apogee  to  have  coincided  with  the  equinoctial 
point  T,  on  July  24,  in  the  year  3993  before  J.  C.  -which,  accoiding  to  some 
Authors,  is  about  the  time  of  the  Cieation.  At  the  same  time  he  makes  the 
aphelion  of  Saturn  to  be  si  24*.  28'.  6"j  of  Jupiter  5B23*.  34'.  18";  of  Mars 
8  15°  j  'of  Venus  &  O°.  0'.  0";  of  Mercury  ©O°.  0'.  0";  and  the  apogee  of  the 
Moon  =aO°.  0'.  0". 


CHAR   XV. 

ON  THL  KOIKES  AND  INCUNATIONS,  OF  THE  OJRBITS  OF  THE  PLANETS 

TO  THE  ECLIPTIC 

Art  2*77*  -FROM  observing  the  course  of  the  planets  for  one  revolution, 
their  orbits  aie  found  to  be  inclined  to  the  ecliptic,  for  they  appear  only  twice 
in  a  revolution  to  be  in  the  ecliptic ;  and  as  it  is  frequently  requisite  to  reduce 
then  places  in  the  ecliptic,  ascertained  from  observation,  to  the  corresponding 
places  in  their  orbits,  it  is  necessaiy  to  know ,the  inclinations  of  their  orbits  to 
the  ecliptic,  and  the  points  of  the  ecliptic  where  their  orbits  intersect  it,  called 
the  Nodes.  But  previous  to  this,  we  must  show  the  method  of  reducing  the 
places  of  the  planets  seen  from  the  eayth  to  the  places  seen  from  the  sun,  and 
how  to  compute  the  hehocentiic  latitudes* 

278*  Let  E  be  the  place  of  the  eaith,  P  the  planet,  8  the  sun,  w  the  first 
point  of  anes;  diaw  Pv  perpendiculai  to  the  ecliptic,  and  produce  J£S  to  #. 
Compute*,  at  the  time  of  obseivation,  the  longitude  of  the  sun  seen  at  a,  and 
you  have  the  longitude  of  the  earth  at  JE,  or  the  angle  <r  SE;  compute  also  the 
longitude  of  the  planet,  or  the  angle  v  $#,  and  the  difference  of  these  two 
angles  is  the  angle  E$v  of  commutation.  Observe  the  place  of  the  planet  m  the 
ecliptic  j  and  the  place  of  the  sun  being  known,  we  have  the  angle  v£S  of 
elongation  in  respect  to  longitude  j  hence  we  know  the  angle  &0JE,  which 
measures  the  diflfcr*ttoe  Of  the  places  of  the  planet  seen  from  the  earth  and  the 
sun ;  therefore  the  place  of  the  planet  seen  from  the  earth  being  known,  the 
place  seen  fiom  the  sun  will  be  known.  Also,  tan-  PJE*v  :  rad.  ::#JP  Ev 

rad.  :  tan.  P8v   *  vS  :  >vP 
.\tan.  PEv  :  tan*  PSv  ::  t*V 

.  JEw  ••  sin*  SEv  :  sin.  ESv ;  that  is,  the  sine  of  elongation  m  longitude  :  sun. 
of  the  difference  of  the  longitudes  of  the  earth  and  planet  :  tan.  of  ike  geocentric 
latitude  tan.  of  the  heliocentric  latitude.  When  the  latitude  is  small,  v$  :  Ev 
veiy  nearly  as  PS  .  PE,  which,  in  opposition,  is  very  nearly  a»  PS  ,  JPS—&JS. 
Or  we  may  compute  (223)  the  values  of  PS  and  SE9  which  we  can  do  with 
more  accuracy  than  we  can  compute  the  angles  SEv  and  ESv.  The  curtate 
distance  Aw  of  the  planet  from  the  sun  may  be  found,  by  saying,  rad.  cos>* 
PSv  PS  Sv. 

279.  First  method,  to  find  the  place  of  the  node.     The  most  simple  method, 
when  it  can  be  applied,  is  to  observe  when  the  planet  has  no  latitude,  and 

*  The  method  of  making  these  computations  will  be  shown  m  the  thud  Volume  of  this  \VojJ< 
8 
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» 

then  leduce  (278)  the  appaient  place  to  the  place  seen  fiom  the  sun,  and  it 
gives  the  place  of  the  node. 

280.  Second  method.  The  place  of  the  node  may  be  determined  by  find- 
ing two  equal  heliocentnc  latitudes  on  each  side  of  the  node,  and  the  middle 
point  between  the  longitudes  found  at  the  same  times,  is  the  place  of  the  node. 
TIG.  281.  Third  method.  Find  the  planet's  heliocentric  latitudes  just  before  and 
60*  after  it  has  passed  the  node,  and  let  a  and  b  be  the  places  in  the  oibit,  m  and  n 
the  places  reduced  to  the  ecliptic  j  then  the  tnangles  amN,  bnN  (winch  we 
may  consider  as  rectilinear)  being  similai,  we  have  am  +  In  *  mn  am  .  mN> 
that  is,  the  sum  of  the  too  latitudes  the  difference  of  the  longitudes  :  :  either 
latitude  the  distance  of  the  node  from  the  longitude  corresponding  to  that  latitude, 
Or  if  we  take  the  two  latitudes  seen  from  the  earth,  it  will  be  veiy  neaily  as  ac- 
cuiate  when  the  observations  aie  made  in  opposition.  If  the  distance  of  the  ob- 
servations should  exceed  a  degree,  this  Rule  will  not  be  sufficiently  accuiate, 
in  which  case  we  must  make  oui  computations  for  spheucal  tnangles  thus, 

Put  w?i=:a,  &n=|3,  am^nNzzv;  then  (Trig.  Ait.  212)  sm*  aV"^=cot.  N~ 

vox 


i  sn.  x  .....        .  -  sm.  a  x  cos, 

i  tatTl  J  #=sm.  a  x  cos.  x  —  sin.  a?  x  cos.  a;  hence, 


sin.  x  x  cos.  a      n.  a?  sm.  a  x  tan.  &  sin.  #    ,  m     Y>  i 

—  i  -  1  -  -  1  -  **  •"•  7  -  ri  -  1  -  o  =  -  =  tan-  #•    This  Ilule  is 
tan.  b          tan.  g        tan.  b  +  cos.  a  x  tan,  &    cos.  # 

given  by  Mr.  BUGGE,  Professor  of  Astronomy  in  the  University  of  Copenhagen, 
See  the  Phi  Trans.  1787- 

PIG.  282.  Fourth  method.  Let  P  be  the  pole  of  the  ecliptic  J3C,  am,  bn  two 
61.  hehocentnc  latitudes  of  the  planet,  and  pioduce  ma.  In  to  P;  then  the  angle 
at  P  is  the  difference  of  longitudes  ,  and  in  the  tnangle  aPb>  we  know  aP,  bf 
and  the  angle  aPb,  to  find  the  angle  b  ,  theiefoie  in  the  light  angled  laangle 
Nbn,  we  know  bn  and  the  angle  b,  to  find  Nn;  and  as  the  longitude  of  n  is 
known,  the  longitude  of  the  node  N  will  be  known. 

Ex.  To  the  third  method,  Mr.  BUGGE  observed  the  right  ascension  and  de- 
clination of  Saturn,  and  fiom  thence  deduced  (124,  278)  the  following  helio- 
centric longitudes  and  latitudes. 
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1784,  Apparent  Time 

Heliocentric  longitude 

Heliocentnc  latitude 

July  12,  at  12h.     3'.     i' 

9*.  20".  37".  29" 

0°,   3',   13"N 

20,  —  11.  29.     9 
Aug.   1,  —  10  .  38.  25 

9  .  2O  .  51  .  S3 
9.  21  .  13.  17        ! 

0  .  2  .  41 
O  .   1  *  S4f 

8,  —  10  .     9.     0 

9.  21  .  26.     2 

O  .  0  *  56 

21,  —    9  .   14.  59 

9  .  21  .  49  .  27 

O  *  O*     2 

27,  —    8  .  50.   19 

9.  22  .     O.   12 

0.0,  2fS» 

31,—    8  .   33.  47; 
Sept.  5,  —    8  .   13.  45 

9  .  22  .     7  .  32 
9  .  22  .   16  .  28         ' 

0  .  0  .  50 

O  .  1.  21 

15,  —    7  .  83.  45 
Oct.  8,  —    6.     4.  23 

9  .  22  .  34  .  32 
9.  23  .  16.  15 

0  .  1  .  59 
0.  3.  35 

In  computing  these  heliocentric  latitudes  and  longitudes,  Mr.  BCCGE  added 
e  concctions  for  the  perturbations,  after  the  principles  of  M.  LAMBERT   in 
the  Memoirs  de  Berlin,  1783. 

From  the  observations  on  August  21  and  27,  by  considering  the  triangles  as 
plane,  .r=44  ,5;  fiom  those  on  21  and  si,  *=42W,5;  and  from  those  on  Au- 
gust 21,  and  September  5,  ^=40";  the  mean  of  these"  is  ^=42";  Mr.  BUGGS 
makes  *=41  ,  probably  by  taking  the  mean  of  a  gieater  number,  or  computm* 
fiom  considering  them  as  sphencal  triangles;  hence,  the  heliocentric  place  cf 
the  pending  node  was  9'.  2l».  50'.  8",5.  Now  on  August  21,  at  9*.  12'.  26" 
true  tune,  tor*,  heliocentric  longitude  was  9'.  21*.  49*.  2?'',  and  on 

2S       '     *'•  22°-  °  * 


,    n,        °f  fe8cribin^  41"  »  ^tude,  which  therefore  added 
its  node          *'  ^  ^^  "'  "*  ^  10"  ^ 

283.  To  determine  the  inclinabon  of  the  orbit,  we  have  fa  the  latitude  of 
the  planet,  and  «2Vits  distance  upon  the  echptic  fiom  the  node  ;  hence,  sin 

ffifL       "t  :  ^t  °f  ^  ^^  N'    But  the  observations  which  are 
n  thT  t  ,T    ^   ^T11^  t0  detCrmine  the  incll^on,  as  a  very  small 
in  the  latitude  will  make  a  considerable  error  in  the  angle.    If  we  take  the 
seivation  on  July  20,  it  gives  the  angle  *.  38'.  if,  if  4  take  ftS  ot  Octob 
8,  it  gives  the  angle  2».  22'.  13";  the  mean  of  these  is  *.  30'.  U"  the  inclmt 
*on  of  the  oibrt  to  the  ecliptic.    To  get  ihe  incLnafion  accurately   we  muT 

!?  *  ^  ^/^  °f  Ae  n°de'  °bserve  a  latitude  «d  loLrudHt  1 
distance  from  it.    From  the  observations  of  Dr.  MASK!™   M 
found  the  place  of  the  node  on  July  12,  1784,  to  be  W.£. 


On  December  12,  1704,  at  I8h.  50'  at  Pans,  Jupiter  was  observed  m 
.*»»*.  2i».  26'.  .2"  with  28'.  10«  south  latxtudel  and  on  Janua^  i" 
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at  \Qh.  2  it  was  in  opposition  in  3s.  24°.  40'.  40"  with  29'.  56"  noith  latitude 
seen  from  the  earth.  Now  at  the  fiist  and  second  observations,  the  distance  of 
Jupiter  fiom  the  sun  was  to  the  distance  of  the  earth  as  51144  to  9839,  and 
52566  to  9840,  hence  (278),  51144  41305  28'.  10"  22'.  45%  and  52566 
„  42726  29'.  56"  .  24'.  2O"  the  latitudes  seen  from  the  sun  at  the  lespectivc 
oppositions;  also,  the  diffeience  of  the  two  longitudes  was  33°.  14'  18";  hence 
(281),  22'.  45"  4- 24'.  20"  .  22'.  45'  •  33°.  14'.  18"  .  16°.  3'.  36",  which  added  to 
2s.  21°.  26'.  22"  gives  3\  7°.  29'.  58"  the  place  of  the  ascending  node  fiom  these 
observations,  according  to  M.  CASSINI.  It  is  difficult  to  deteimme  accurately 
the  place  of  Jupiter's  node  on  account  of  the  small  inclination  of  its  oibit.  M, 
de  LAMBRE,  fiom  observations  in  1775,  1776,  1777,  1782  and  1783,  found 
the  longitude  of  the  node  in  1783,  to  be  3s.  8°.  14'. 

On  May  3,  170O,  at  12h.  24,  Mi.  FLAMSTEAD  found  the  latitude  of  Mars 
to  be  10'.  9"  noith ,  and  on  May  10,  at  1  Ih.  48'  to  be  10'-  13"  south.  Now  as 
the  conesponding  longitudes  are  not  given  we  must  piocccd  thus.  The  time 
between  the  two  observations  was  6rf.  23&.  24';  hence,  10'.  9" +  10',  13"  10', 
9" ;:  Qd.  23/z*  241  .  3d.  life.  40',  which  added  to  the  time  of  the  fiist  obseivation 
gives  May  7,  Oh.  4'  for  the  time  when  the  planet  was  in  its  node,  at  which  time, 
by  calculation,  its  place  was  in  nt  17°.  23'.  13"-  Now  the  place  of  the  planet 
computed  at  the  tame  of  opposition  was  in  n  18°-  5';  consequently  the  differ- 
ence 41'.  47"  shows  how  much  the  computed  place  at  the  time  of  passing  the 
node  wanted  of  the  computed  place  at  the  time  of  opposition,  or  the  diffeience 
of  the  two  places  at  those  times ,  but  the  obseived  place  in  opposition  was  m 
HI,  18°.  6',  fiom  which  therefoie  subtiact  41'.  47"  and  we  have  t»i  17°.  24'.  13" 
for  the  tme  place  of  the  descending  node.  In  this  inannei  we  may  always  cor- 
rect a  computed  place,  if  we  have  an  obseived  place  near  to  it.  In  the  Phil 
Trans,  for  1790,  Mr.  BUGGE  makes  the  place  of  the  ascending  node  to  bo  \\ 
17°.  54'.  24"  for  December  7,  1783,  which  is  10'.  35"  greater  than  the  place  by 
M.  CASSINI,  23'.  27"  greatei  than  by  Dr.  HALLEY,  and  2"  less  than  by  M.  do 
la  LANDE  in  his  last  Tables. 

On  June  11,  1705,  at  Ih.  II1,  the  latitude  of  Venus  was  5'.  35"  north;  and 
on  June  12,  it  was  7'.  35"  south  at  Ih.  5'.  By  calculation  the  true  places  of 
Venus  seen  from  the  sun  at  those  times  was  1 13°.  22'.  37",  and  1 14°.  57'.  32", 
the  motion  of  Venus  was  therefoie  1°.  34'.  55"  in  this  interval,  hence,  5'.  35"  + 
V,  35"  ;  5'.  35"::  1°.  34'.  55"  40'.  15",  which  added  to  the  place  at  the  first  ob- 
servation gives  1 14°.  2'.  52"  foi  the  place  of  the  node.  Mr.  BUGGE  in 
the  Phil  Tram.  1790,  determined  the  place  of  the  descending  node  of  Venus 
on  August  25,  1786,  to  be  81. 14°.  44'.  38",  which  is  3',  53"  less  than  by  M. 
CASSINI,  1'.  59"  greater  than  by  Dr.  HALLEY,  and  86"  less  than  by  M.  de  la 
LANDE  in  his  last  Tables. 


ORBITS  OF  THE  M/AffETS   TO   THE  ECLIPTIC. 

In  like  mannei,  the  place  of  the  node  of  Mercury  may  be  deteimmed,  but 
the  best  method  of  finding  the  place  of  the  nodes  of  Venus  and  Mercury  is 
from  their  tiansits  over  the  sun's  disc,  as  will  be  explained  when  we  treat  on 
that  subject 

LONGITUDES  OF  THE  NODES  FOR  1750. 
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Planets 

M.  CASSINI 

Dr.  HALLEY 

M.delaLANDE 

Mercmy 

1s.  15°.  25'.  20" 

1s.  15°.  21',  58' 

1s.  15°*  20'  43" 

Venus 

2.   14.  27.  45 

2.   14,  23.  42 

2.   14.  26,  18 

Mars 

I.   17-  45.  45 

1.   17.  56.  21 

1.   17.  38.  38 

Jupiter 

3.     7.  49.  57 

3.     8.   15.  49 

3.     7.  55.  32 

Saturn 

3.  22.  51.     4 

3.  21,   20.     5 

3.  21.  32.  22 

M.  de  la  PLACE  found  the  place  of  the  node  of  the  Georgian  Planet  in  1788 
to  be  2s.  12°.  47'. 

To  Jind  the  Inclination  of  the  Orbits  of  the  Planets  to  the  Ecliptic. 

284.  First  method.    The  most  simple  method  is  to  observe  the  latitude  of 
the  planet  when  it  is  90°  from  its  node,  and  then  reduce  (278)  the  latitude  seen 
from  the  earth  to  that  seen  from  the  sun,  and  you  have  the  inclination. 

285.  Second  method.    Observe  the  latitude  and  longitude  of  the  planet  at 
any  other  fame  when  it  is  at  some  distance  from  the  node,  and  reduce  them 
(278)  to  the  latitude  and  longitude  seen  from  the  sun;  then  the  place  of  the 
node  being  known,  the  distance  of  the  planet  in  longitude  from  the  node  will 
be  known;  and  m  the  triangle  tmN,  we  know  bn,  nN,  theiefore  sin.  nN    tan 
foi  •:  lad    sin.  of  the  angle  bJffnj  the  further  the  planet  is  fiom  the  node,  the 
smaller  will  be  the  error  in  the  angle,  any  given  enor  being  made  m  the'lafa- 
tude, 

286.  Third  method.    Let  P  be  the  place  of  a  planet  in  its  orbit,  Nn  the 
line  of  the  nodes,  E  the  earth  in  that  line;  draw  PC  perpendicular  to  the  eclip- 
tic, and  Pr,  w  peipendicular  to  Nn,  then  (13)  the  angle  Pro  is  the  inclina- 
tion of  the  orbit.    Now  ro  .  vP : :  rad.  .  tan.  Prv 

vP  :  p.E::tan.  PEv  ;  rad. 

.\r»  :  vE  :  tan.  PEv    tan.  Pro,  but  ro  :  vE  "  sin 

vEr  •  rad,  hence,  sin.  <vEr  :  rad.  ••  tan.  PEv  .  tan.  Pr>o,  that  is,  the  sine  of  the 
difference  of  the  longitudes  of  the  sun  and  planet  seen  from  the  earth  :  rad. ..  ton, 
oj  the  geocentric  latitude  :  tan.  of  the  inclination. 
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Oft  January  11,  1747,  at  iak  6'.  as\  M.  dc  la  CAIUJS  observed  the 
dfc  of  Saturn  to  be  6s,  26°*  12',  S3",,  and  the  sun  was  thea  in  9-1.  21°.  47' 
the  node  of  Satura,  or  at  least  within  about  12'  of  it;  also,  the  observed  la- 
titude was  2°.  29'.  18"noith,  hence  by  the  thud  method,  sin.  85°*  34'.  8"  : 
nuLrtan,  2°.  29'.  IS"  :  tan.  2°.  29'.  45"  the  inclination.     CASSINI,  fiom  the 
mean  of  7  determinations,  makes  it  S*.  30'.  3S/;.    M.  de  la  LANDE  from  Dr. 
MASKELYKB'&  ebservatKms  m  1775,   177^  1777,  makes  it  2°.  30',  in  his  Ta- 
bles he  raa>e»  it  2*.  291,  f(f  &*  178O.     M.  de  LAMBED  found  it  2°.  29'.  55" 
for  1750. 

On  March  28,  1661,  Jupiter  was,  accoidmg  to  HEVELIUS,  in  ^  8°.  58'  in 
opposition  tp  the  sm^  distant  only  about  l°.  30(  from  its  greatest  distance  fiom 
its  node,  an4  with  1°.  38'.  25"  apparent  south  latitude  Now  the  distance  of 
Jupitei  fiom  the  earth  was  to  its  distance  from  the  sun  as  44537  to  54535; 
hence,  by  the  first  method,,  54535  :  44537:'  sin,  1°.  88'.  25"  •  sm.  1°.  20'.  23" 
the  heliocentric  latitude,  qr  the  inclination  of  the  orbit,  foi  the  distance  of 
1°.  3O|  froiOt  the  greatest  distance  of  the  node  will  not  cause  an  enor  of  moic 
than  a"*  in  the  inclination.  Horn  the  opposition  of  Jupiter  on  April  6,  1768, 
M«  <te  ]&  k4J£PE  found  the  inclination  to  be  1°.  19'.  4%  Jupiter  being  then  at  its 
gieatesl  latitude;  he  makes  it  1°.  18'.  56"  for  1780  m  his  Tables,  M-  de 
LAMBRE  makes  it  1°.  19'*  2"  for  1750. 

On  Mweh27,  1694,  at  Ik.  4'.  40"  at  Greenwich,  Mr.  FLAMSTEAD  detei* 
ipin^d  th<j  right  ascension  of  Jlto  tp  be  115°.  48;.  557,  and  ite  declination  24°. 
1,0',  50?  worth,  h^nqo  (124),  the  geocentric  longitude  was  ^23°.  26',  12",  and 
JPIG.  lat.  2°.  46',  38".  Let  &  be  the  sup,  E  ths  eajth,  P  Mars,  v  the  place  i  educed 
to  $e  ecJjjpfac,  Now  tlie  tiue  place  of  Majs  (by  calculation)  seen  fiom  the 
5  ft  38°,  44'-  14",  and-  the  place  of  thq  sun  was  ^  7°,  34'.  25",  hcncQ,  sub- 
ig  ijxt  pJape  <xf  thssutt  fwm  thepl^ce  of  MOJIS  seen  from  the  earth,  we 
th<?  aptgle  ^J^S  between  the  svm  ^nA  Mars  105°.  51'.  47",  and  the  place  of 
e^  bQiqg  ^7°.  84'.  35",  Uke  from  it  ^e  jto  of  MMS,  and  we  have 
angle  ^^=?38°-  50'.  11";  henco,  (373)  sin,  105°.  51'.  47"  ,  sm*  38°.  50j. 
n11;:  tan.  PJ£^20,  4Q;.  38"  .  tan,  PSto'^l*.  48'.  36/;.  Now  the  pl«c^  of  the 
node  was  m  8  17°.  15',  which  subtiacted  from  si  28°*  44;.  14"  gives  101°.  29',  14? 
for  the  distance  ^  of  Mars  from  it$  node,  h^ncQ,  sin.  t;^-ioi\  29'.  14,"  . 
tai^.  ^=  l°,  4$',  36"  rad,  .  tan.  PNy^  1°.  50'.  507/  tJjQ  inolio^tjon  qf  the  or^ 
bi,t,  Mr.  BaaojEj  makes  the  mclwxation  to  be  1°.  50V  S#V5Q,  fqr  Maich^  1788, 
M.  de  la  LANDE  makes  it  1°.  51'  for  1780. 

The  inclination  of  the  orbit  qf  F"<sw$  F",  may  be  v^y  accurately  determined, 

when  Venu?  is  abqut  90°  from  its  node  JV,  and  in  its  inferior  conjunction  ;  be- 

caws^  at  that  time  it  being  about  t^i?ee  times  neaier  to  the  eajtb  Iftan  to  thia 

sun,  &  any  orror  iij  tftkmg  the  appacsrtt  latitude  wwjl  %ot  cause  m  wor  of  above 

^  '     oie  third  part  thereof  in  the  jfldmta,    ]L^t  $  be  the  wth*  tod  draw  Vr 
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CEBITS  Of  Tfitt  FtANEFS-  TO  tfHfi  fiCUPTIC. 

perpendiculai  to  the  ecliptic.  On  Septembea  2,  1700,  the  latitude  of  tenus, 
in  infenoi  conjunction,  was  obseived  at  Paris  to  be  8*.  4rf.  15*  S.  and  its  longi- 
tude  seen  from  the  sun  was  11'.  10°.  SO'.  20",  consequently  it  was  86°.  22'  fiom 
its  node.  Now  at  that  time,  SFva*  to  SE  as-  72769  to  IOO75Oj  hence,  73769 

:  100750:.sm.  £EF=8°.  40'.  15"  :  sin.  ZFS=l6>f.  57'.  7",  therefore  the  an- 
gle ESV9  or  Fr,  is  3°.  22'.  38",  and  as  rN  =  S6°.  22',  sin.  »&°.  2^  r  tan.  8°.  22*. 
38  :•  iad. :  tan.  VNr-2\  23'.  5".  By  a  like  observation  on  August  28,  1716, 
the  inclination  was  found  to  be  3°.  23'  10".  Mr.  BUG&E  makes  it  if.  23'.  38",6 
in  1784.  M.  dc  la  LANDE,  from  two  obseivations  m  1780a»d  1782,  makes 'it 
3°.  23'.  35"  for  1780. 

On  July  16,  1731,  at  lOh.  32'.  47"  m  the  monung,  M.  CASSIOT  determined 
the  place  of  Mercwy  seen  from  the  earth  to  be  a  3°.  2'.  35",  with  2°.  2'.  20" 
south  latitude.    Let  S  be  the  sun,  M  the  earth,  *»  the  place  of  Merenry  at  M 
leduced  to  the  ecliptic,  N  the  node.    By  calculation,  (fee  fane  pJaee  of  Mercu- 
ry seen  fiom  the  sun  was  x  25°.  54'.  9",  and  the  place  of  the  node  JVwas  H  15* 
10',  consequently  r#=49°.  15'.  51".  Now  the  sun  was  in  s  28".  13'.  12%  from 
which  take  the  apparent  place  of  Mercuiy  9  3°  2'.  35",  and  we  have  the  m 
S£v=Sff.  10'.  37".    Subtiact  the  place  of  the  earth  yp  23°.  13'.  12*  from 
true  place  of  Mercury  x  25°.  54'.  9",  and  we  have  tho  angle  &&>  -  62°.  4Ot  j 
hence,  the  sine  m  =  20°.  10'.  37"    sine  JESw  =  62°.  40'  57"  -tan.  vEM- 
2'.  20" :  tan  SfSo,  or  My,  =5°.  IS'.  30";  and  sine  ^p  =  490.  15'.  51*  :  tan." 
atf.  15'.  30/::rad.  :  tan,  »^JW=6°.  51'.  58"  the  inclmation,    He  fixes  it 
7  .    M.  le  G«mL  observed'  Mercury  m  the  meiidian-  ott  October  5,  175O, 
fotmd  its  apparent  longitude  21 7°.  is'.  19",  with  S*.  50'.  2«f  south  latitude- 
the  place  of  the  sun  ws  6-.  la*.  a<.  53",5,  a»d  the  an^le  JEW?  of  c^mmBtettott. 
78 .  31.  23  ,5,  hence,  the  heliocentric  latitude  was  6s.  51'.  2^*,  and'tfeeneethe 
inclination  7°.  1'.    Dr.  KALLEY  makes  it  6°.  59'.  20".    M.  de  la  LANDE  enutott 
7  m  ma  Tables. 

INCLINATION  OF  THE  CEBITS. 
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This  determination  of  M.  de  la  LANDE  is  for  the  year  1780.  He  makes  the 
inclination  of  the  orbit  of  the  Georgian  Planet  to  be  46'.  20". 

287>  But  the  inclination  of  the  oibits  are  subject  to  a  variation,  ansmg  fiom 
their  mutual  attractions,  as  we  shall  afterwards  explain.  This  vanation  is  too 
small  to  be  deteimmed  with  sufficient  accuracy  from  observations ,  but  by  the- 
ory, M.  de  la  GRANGE  has  found  it  to  be  as  follows;  for  Saturn  —  23",  11  ,  for 
Jupiter  -27",1 9;  for  Mars  +  3",45;  for  Venus  +  4",4<7 ,  for  Meicury  +  20",43 ; 
this  is  the  vaiiation  in  100  years. 

On  the  Motion  of  the  Nodes. 

288.  The  motion  of  the  nodes  is  found,  by  coinpaiing  their  places  at  two 
different  times  j  01  it  may  be  deteimmed  by  theoiy,  as  we  shall  aftci wards  ex- 
plain. 

PTOLEMY  mentis,  that  in  the  year  136  Saturn  was  at  its  greatest  noith 
latitude  at  the  beginning  of  Libra,  and  consequently  the  node  must  have 
been  in  the  beginning  of  Capricorn;  now  in  the  year  1700  it  was  in  yp  21°*  13'. 
3O",  hence  it  had  advanced  21°.  13'.  30"  m  1564  years,  01  at  the  rate  of  48". 
51"'  in  a  year,  and  1°.  21'.  26"  in  100  years.  But  as  a  variation  of  several  de* 
grees  in  the  place  of  the  node  would  have  but  a  very  small  effect  on  the  latitude 
when  near  its  greatest,  the  observation  of  PTOLEMY  cannot  be  depended  upon 
for  this  puipose.  On  Maich  19  228  before  J.  C.  Saturn  was  observed,  by  the 
Chaldeans,  to  be  about  5'  above  the  stai  in  the  south  shoulder  of  Virgo, 
maikcd  y  by  BAYERJ  from  this  M.  CASSINI  found  the  place  of  the  node  to  be 
2s.  21°,  which  compared  with  the  place  in  1720,  gives  56".  26'"  for  the  yearly 
^notion.  BXJLLLAXDUS  mentions  an  occupation  of  Saturn  by  the  moon  m  the 
year  503,  from  whence  he  found  the  place  of  the  node  to  be  3s.  12°,  36'.  2l"$ 
in  the  year  1769,  M.  dc  la  LANDE  found  the  place  to  be  3s.  21°.  40'.  47";  this 
gives  25".  48"'  for  the  yearly  motion  of  the  nodes.  TYCIIO-BRAIIE  observed  Sa- 
turn very  near  its  node  on  December  29,  1592,  from  whence  M.  CASSINI  found 
the  place  of  the  node  to  be  3*.  2O°.  21'.  5"j  this  obscivation  compared  with  the 
place  of  the  node  in  1700,  deteimmed  to  be  3".  21°.  13'.  30",  gives  29".  24"' for 
the  annual  motion.  From  four  observations  of  M.  CASSINI  (which  M.  de  la 
LANDE  thinks  are  most  to  be  depended  upon)  reduced  to  the  year  1700,  the 
place  of  the  node  appears  then  to  have  been  in  39.  21°.  ll'.  20";  and  comparing 
this  wrai  the  place  in  1769,  the  annual  motion  is  25",6.  M.  de  LAMBHE  makes 
it  $S",35.  M.  de  la  GRANGE  makes  it  29",  from  the  theory  of  attraction.  M. 
de  la  LANDE  makes  it  31%7  in  his  Tables. 

M.  CASSINI  found  the  place  of  the  node  of  Jupiter  in  1705,  to  be  in  3%  7°* 
87'.  50"*  Accoiding  to  PTOLEMY,  the  place  of  the  node  in  his  time  was  m  the 

6 


ON  THE  MOTION  OF  THE  NODES.  159 

beginning  of  Cancer;  this  gives  17"  for  the  annual  motion.  By  an  observation 
on  September  26,  508,  m  which  Jupiter  was  m  conjunction  with  Regulus,  M. 
CASSISTI  computed  the  motion  to  be  24".  37"'  from  the  same  observation.  M* 
le  GENTIL  calculated  the  places  of  the  node  from  the  obseivations  of  GASSENDI, 
Dr.  HAIXEY  and  himself,  to  be,  in  1633,  in  3s.  6°.  4'.  50";  m  1716,  in  3'.  7^ 
37'.  30";  and  in  1753,  m  38.  8°.  21'.  25".  The  two  last  obseivations  give  66" 
for  the  annual  motion ,  the  fiist  and  last  give  also  66",  but  these  motions  are 
too  great,  as  they  will  not  agree  with  other  obseivations.  Fiom  the  mean  of 
seveial  obseivations  made  at  Pans  between  1692  and  1730,  it  comes  out  34\ 
M.  cle  LAMBRE  makes  it  35",7,  which  M  de  la  LANDE  has  assumed  in  his 
Tables.  M.  de  la  GRANGE  makes  it  Si"  by  theoiy. 

The  place  of  the  node  of  Mats  on  October  28,  1595,  was  found,  from  the 
obseivations  of  Trcno,  to  be  m  «  16°.  24'.  33";  and  on  November  13,  1721, 
M.  CASSINI  found  it  to  be  m  «  17°.  29'.  49",  these  give  Si".  4'"  for  the  annual 
motion  of  the  nodes.  By  comparing  the  same  obseivation,of  TYCHO  with  those 
made  at  Paris  and  Gieenwich  m  the  yeai  1700,  the  formei  gives  S3".  15'",  and 
the  lattei  34"  16'".  In  the  yeai  139,  PTOLEMY  says  the  gieatest  noith  latitude 
of  Mais  was  at  the  end  of  Cancel,  wliich  gives  the  place  of  the  node  at  the  end 
of  Anes;  this  compared  with  the  place  m  1721  gives  39".  SO"1.  M.  CASSIN* 
thinks  this  latter  is  not  much,  to  be  depended  upon,  and  therefoie  takes  the 
mean  of  the  otheis,  which  gives  34".  32"  foi  the  annual  motion.  Mr.  BUGGE 
makes  it  28",2.  M.  de  LAMBM  makes  it  28",  which  M.  de  la  LANDE  employs 
in  his  Tables.  M.  de  la  GRANGE  makes  it  25",4  by  theory. 

The  place  of  the  node  of  Venus  in  its  transit  over  the  sun  in  1769,  was  found 
by  M.  de  la  LANDS  to  be  2'*  14°.  36'.  go",  with  a  jaobable  erroi  of  not  more 
than  30".  Dr.  HORNSBY  calculated  the  place  of  the  node  in  its  transit  m  1639, 
fiom  the  observations  of  Hoimox,  and  found  it  to  be  2s.  13°,  27'.  so",  which 
givcs3l",7  foi  its  annual  motion.  TIMOCIJARES,  on  Octobei  11,  271  yeats 
befoic  J  C.  obseived  y  in  the  soutli  wing  of  Vugo  to  be  eclipsed  by  Venus ; 
fiom  this  observation,  M.  CASSINT  found  the  place  of  the  node  to  be  i*.  24°.  2'; 
tluscompaied  with  the  place  m  1698  in  2s,  14°.  l'.  45",  gives  36V-  The  ob- 
servations m  1639  and  1698  make  it  34";  and  as  this  agiees  veiy  nearly  with 
the  results  from  the  observations  in  1705,  1710  and  1731,  M.  CASSINI  fixed  the 
motion  at  34".  M.  dc  la  CAILLE,  on  December  21,  1746,  found  the  place  of 
the  node  to  be  21. 14°.  23'.  10";  'this  compared  with  the  place  of  the  node  ob- 
served  by  M.  de  la  HIRE  on  October  31,  1692,  gives  38"  for  the  annual  motion. 
Mi,  BUGGE  makes  it  30",S7.  M.  de  la  LANDE  makes  it  31",  which  he  usefc  in  his 
Tables.  M.  de  la  GRANGE  makes  it  30",55  by  theoiy. 

The  place  of  the  node  of  Mercury  on  November  7,  1631,  was  found,  fiom 
the  obseivation  of  GASSENDI,  to  be  in  s  13°.  30',  47";  and  on  November  11, 
1736,  it  was  found  to  be  in  «  15°.  14',  5" ,  this  gives  the  annual  motion  59",  2'"* 
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According  to  the  observations  of  HEVELIIJS,  the  hue  place  of  the  node  on  May 
3,  1661,  was  m  g  14°.  19' j  this  compaied  with  the  observation  in  1736,  grves 
the  annual  motion  43".  42'%  the  mean  of  these  is  51".  22'".  This  is  M.  CAS- 
SINI'S  determination*  M.  le  GENTIL,  by  companng  the  place  of4  the  node  in 
J753,  in  8  15°.  24'.  14"  with  the  place  in  1677  m  «  14°,  21'.  3",  found  the  motion 
to  be  50",  21.  M,  de  la  LANDE,  by  comparing  the  places  of  the  node  of  Mer* 
wry  found  from  its  transits  ovei  the  sun,  makes  it  43",  and  these  obseivations 
are  most  to  be  depended  upon.  He  employs  this  in  his  Tables.  M.  de  la 
(TEANGE  finds  it  to  be  41",  3  by  theory. 

289.  This  motion  of  the  nodes  is  m  respect  to  the  equinox,  if  theiefore  we 
subtract  from  each  50",25  the  precession  of  the  equinoxes,  it  will  give  the 
motion  in  respect  to  the  fixed  stars,  or  the  leal  motion.  The  motion  in  the 
following  Table  is  in  lespect  to  the  equinoxes. 

MOTION  OP  THE  NODES  IN  ONE  HUNDRED  YEARS. 


Planets  ' 

M.  CASSIWI 

Dr.  HALLEY 

M.  de  la  LANDE 

Mercuiy 

1°.  24'.  40" 

1°.  23'.  20" 

1°.  12'.    10" 

Venus 

0.    56.    40 

O.     51.    40 

0.    51.    40 

Mara 

0.     56.    40 

1.       3.    20 

0.    46.    40 

Jupiter 

0.    40.       9 

1.     23.    20 

0.    59.     30 

Saturn 

1.     35.     11 

O.     30.      O 

0.    55.     SO 

The  Georgian  Planet  has  not  been  discovered  long  enough  to  determine  the 
motion  of  its  nodes  from  observation.  M.  de  la  GRANGE  has  found  the  annual 
motion  to  be  12*,  5  by  theory. 

Thus  we  determine  all  the  elements  necessary  foi  computing  the  place  of  a 
planet  jn  its  orbit  at  any  time  j  but  to  facilitate  the  operation,  which  would  be 
tedious  if  we  had  only  the  elements  thus  given,  Astronomers  have 
Tables  of  their  motions,  by  which  then  places  at  any  time  may  be 
computed,     The  construction  and  use  of  these  Tables,  we  shafl 
Introduction  to  the  Tables  in  the  third  Volume. 


CHAP.  XVI. 
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Art.  290.  ON  March  13,  1781,  between  ten  and  eleven  o'clock  in  the  even- 
ing, as  Dr.  HEKSCHEL  was  examining  the  small  stars  near  the  feet  of  Gemini, 
he  observed  one  considerably  laigei  than  the  rest,  but  it  not  being  quite  so 
brilliant,  he  suspected  that  it  might  be  a  comet ,  in  consequence  of  which  he 
obseived  it  with  different  magnifying  powers,  from  227  with  which  he  disco- 
veredit,  to  2010 ,  and  found  that  its  apparent  magnitude  inci  eased  in  proportion, 
contiaiy  to  what  takes  place  m  the  fixed  stais.  He  therefore  measmed  its' 
distance  fiom  some  of  the  neighbouiing  fixed  stars,  and  comparing  its  distance 
from  them  for  several  nights,  he  found  that  it  moved  at  the  rate  of  about  2£"  ifc 
an  hour.  On  this,  DR.  HEESCHEL  wrote  immediately  to  the  Royal  Society, 
that  other  Astronomers  might  join  in  observing  it ,  upon  which  it  was  found 
and  observed  by  Dr.  MASKELYNE,  who  almost  immediately  declared,  that  he 
suspected  it  to  be  a  Planet ,  and  on  Apnl  l,  he  wrote  an  account  of  this  dis- 
covery to  the  Astionomers  at  Pans,  so  that  it  was  soon  observed  by  all  the 
Astionomeis  in  Euiope.  Mi.  LEXELL  was  then  in  England,  and  applied  him- 
self  to  compute  the  orbit,  upon  supposition  that  it  was  a  comet;  he  theiefore, 
according  to  the  usual  manner  in  such  a  case,  supposed  the  orbit  to  be  a  para- 
bola,  and  assumed  several  perihelion  distances  6,  8,  10,  12,  14,  16,  and  18 
times  tiie  eaith's  distance  from  the  sun;  and  found  that  any  perihelion  distance 
between  14  and  18  would  answer  very  well  to  the  observations.  BOSCOVICH 
punted  a  memoir  on  the  subject,  in  which  he  showed  that  there  were  four 
diffeient  parabolas  in  which  the  body  might  move,  and  yet  the  computed  places 
would  agree  with  the  observations  which  had  then  been  made.  Othei  Astrono- 
mcis  however  found  that  a  cucular  oibit,  whose  ladius  was  about  18  times  the 
distance  of  the  sun  fiom  the  eaith,  would  agree  bettei  with  the  observations; 
and  this  confhmed  Di.  MASKELYNE'S  opinion  that  it  was  a  planet.  Upon  sup- 
position therefore  of  a  circular  orbit,  M.  dela  LANDE  pioceeded  to  investigate 
its  magnitude  from  the  following  observations.  Mem.  de  I  'Acad.  Roy.  des  Set. 
1779. 
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Time  of  observation  .  . 

Apiil25,  1781, 
at  9h.  47'. 

July  31,  1781, 
at  I5h.  33'. 

Dec.  12,  1781, 
at  lOh.  10'. 

Right  ascension  obseived 

2s,  23°.  1  5'.  27"* 

3s.  1°.  7'.  49" 

3'.  1°.  23'.  31" 

Noith  declination  obs. 

23.   35.  34 

23,  40.  25 

23.    42.   47 

Longitude 

2.  25.   39.   17 

3.    1.     2.     7 

3.    K     16.    28 

Latitude  north 

IK  36 

12.  24 

14.    54 

Nutation  m  longitude 

+  10 

+•    8 

+   7 

Abenation  in  longitude 

+  19 

4-21 

-18 

Sun's  longitude  from  > 
the  mean  equinox  j 

1.     5.   58.  53 

4.    9.      7.   13 

8.  21,    21.    50 

l«og.  of  the  stppfis  distance 

0,003196 

0,006272 

9,992993 

291.  From  these  obseivations,  M.  de  la  LANDE  pioceeded  thus  to  find  the 
circulai  oibit.  He  assumed  the  radius  of  the  oibit,  and  then  calculated  the 
heliocentric  places  of  the  planet  at  the  times  of  the  fiist  and  last  observation  ; 
consequently  the  angle  described  by  the  planet  about  the  sun  m  that  interval 
of  231  days  23'  was  known  ;  and  hence  the  time  of  the  whole  revolution  was 
known  by  pioportion,  upon  supposition  that  the  orbit  was  cucular.  Next, 
knowing  the  radius  of  the  oibit  compaied  with  the  mean  distance  of  the  earth 
from  the  sun,  he  calculated  the  periodic  time  by  KEPLER'S  Rule  (2J  8) ;  but  as 
this  time  did  not  agree  with  that  befoie  found,  he  varied  his  supposition  of  the 
distance,  until  he  found  they  agreed,  in  which  case  the  ladius  of  the  orbit  was 
found  to  be  18,931  times  the  mean  distance  of  the  earth  fiom  the  sun,  and  the 
duration  of  the  revolution  82,37  years.  This  ciicular  oibit  therefoie  agiccd  to 
the  first  and  last  obseivations ,  and  by  computing  fiom  it  the  place  at  the 
second  observation,  he  found  that  it  differed  only  5"  from  the  observed  pjace, 
which  difference  might  easily  arise  from  the  unavoidable  errors  in  the  obser- 
vation. He  then  calculated  32  othei  observations  made  by  Dr  MASKELYKE, 
MONNIEE,  MESSIER,  MECHADT,  d'AGELET,  LEVESQUE  and  himself,  and  found 
they  all  agreed  very  well,  except  in  Apul  1781,  and  July,  August,  and  Sep- 
tember 1782,  the  last  differing  more  than  two  minutes,  He  then  proceeded, 
as  before,  to  find  what  'radius  would  answer  to  the  observation  on  April  25, 
1781,  and  on  July  21,  1782,  at  l$h.  at  Paris,  when  the  longitude  observed  was 
3'.  4°,  42'.  39",  this  radius  he  found  to  be  18,893,  and  the  periodic  time  82,12 
years.  But  by  us^  th#  radius,  he  found  the  calculations  to  differ  1'.  27"  from 
"*  7 
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the  place  observed  in  opposition  m  December  1781.    This  indicated  an  irregu 
larity  in  the  motion  of  the  planet;  but  the  irregulauty  was  too  small,  and  the 
obseivations  too  near  together,  to  afford  pioper  data  for  the  investigation  of  the 
oibit.    M.  de  la  LANDE  pioceeded  to  determine  the  place  of  the  node  and  m- 
clmation  of  the  orbit ,  but  on  account  of  the  small  motion  in  latitude  meat 
accuracy  could  not  at  that  time  be  expected.     The  geocentric  latitudes  ob- 
served  on  April  25,  and  December  12,  1783,  weie  11'.  36"  and  14'.  54"  noith 
which  give  the  heliocentuc  latitudes  11'.  59"  and  14'.  8";  and  the  motion  in 
longitude  being  2°.  46'.  3"  between  the  obseivations,  he  found  the  place  of  the 
node  to  be  2s.  12°.  54',  and  inclination  of  the  orbit  0°.  46'.     Again  the  ob 
served  geocentric  latitudes  on  Apnl  16,  1781,  and  March  26,  1782,  were  ll' 
48  and  15'.  5",  and  hence  the  heliocentric  latitudes  were  found  to  be  12'  7'' 
and  15'.  1C",  and  the  mofaon  m  longitude  between  the  observations  being  V, 
7. 44 ,  the  place  of  the  node  was  found  to  be  2s.  12°.  2',  and  the  inclination  0° 
44.     He  further  observes,  that  the  planet  was  siationaiy  1 1  days  befoie  Dr 
HEESCHEL  first  observed  it,  and  therefore  if  his  obseivations  had  been  made  11 
days  soonei,  he  would  not  have  peiceived  any  motion,  and  the  discovery  nuVht 
have  been  lost      It  is  probable,  however,  that  if  thus  had  happened,  the  dis- 
coveiy  would  have  been  made ;  for  fiom  the  singularity  of  its  appearance,  which 
alone  made  Di.  HEKSCHEL  pay   attention  to  it,  he  would  undoubtedly  have 
continued  to  observe  it,  tdl  he  had  discoveied  its  mobon,  which  must  very 
soon  have  been  peiceived.  y 

It  having  been  found  that  the  motion  did  not  agree  to  that  of  any  one  circle 
the  next  enquiry  was  to  determine  the  ellipse  m  which  it  moved,  supposing 
that,  like  the  other  planets,  it  revolves  in  such  a  curve,  having  the  sun  in  one 
of  its  foci, 

292.  The  methods  of  finding  the  orbit  of  a  planet  as  desciibed  m  Chap  XIII 
aie  by  three  heliocentric  places  and  the  times  between,  01  by  thiec  distanced 
from  the  sun  and  the  angles  between.  The  first  method  may  be  appliedfiom 
three  obseived  oppositions ;  and  to  apply  the  other  we  must  have  five  but  as 
thelattei  method  is  direct,  and  also  so  very  simple  when  compared  with  the 
tormej,  we  shall  prcfei  that,  as  theie  arc  now  observations  sufficient  for  it  if  we 
had  wanted  the  elements  of  the  orbit  before  there  had  been  sufficient  data'  fo, 
the  lattei  we  must  have  used  the  former  method.  By  this,  Mr.  ROBISOK,  P,0- 
fessor  of  Natural  Philosophy  m  the  University  of  Edinburgh,  has  invested 
the  elements  of  the  orbit,  in  the  Edmb.  Tram.  Vol.  1. 1788 ;  we  shall  theiefore 
fully  explain  the  principles  and  computations  as  given  by  him  j  the  method  is 
capable  of  great  accuracy,  so  far  as  the  obseivations  are  accurate,  and  may  be 
easily  understood  by  those  who  are  well  acquamted  with  only  the  elementary 
parts  of  Mathematics  and  Philosophy.  «uw««y 
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The  obseivations,  upon  which  the  investigation  is  founded,  are  as  follows : 

Tiue  Time  at  Edinbmgh.  Longitude.  N.  Lat. 

Dec.  21,  1781,  -  -  -  I7h.  44'.  33"  -  -  -  S1.    0°.  52'.  11"  -  -  ,  15'.    7" 

26,  1782,  -  -  -     8.   36.  56    -  -  -  3«      5.   20.  29    -  -  -   18.  56 

31,  1783,  -  -  -     0.    46.  24    -  -  -  3,      9.  50.  52   -  -  -  22.  10 

Jan.     3,  1785,  -  -  -  17.   28.  56    ~  *  „  3.    14.  23.     2    *  -  -  25.  40 
8,  1786, 10.   39.  31    ~  ,  -  3.   18,  57.     5    -  -  -  28.  52 

293.  We  have  here  the  times  of  five  successive  oppositions*  as-  deduced  fiom 
observations,  and  the  corresponding  hehocentnc  longitudes  and  latitudes. 
Hence  the  longitude  of  the  node  on  Januaiy  1,  1786,  was  2°.  12°.  48'.  45",  and 
inclination  of  the  orbit  46'.  2G".  The  place  of  the  node  and  the  inclination  of  the 
orbit  being  determined,  the  places  of  the  planet  reduced  (268)  to  the  orbit  will 
bs  known,  an<3L  thus  we  may  find  the  arcs  described  in  the  oibit  itself  between 
the  above  oppositions. 

294,,  Mr.  ROBISON  next  took  the  opposition  oa  Decembei  31,  1783,  foi  an 
epoch  to  which  the  other  observations  were  to  be  reduced.  The  inteival  be* 
tweenthis  and  the  preceding  opposition  was  369rf.  15//.  49'.  28",  from  this 
opposition  h$  counted  back  the  same  interval  of  time  ,  and  in  like  manner  he 
counted  forwards  from  the  epoch  two  equal  intervals ;  thus  he  got  four  equal 
mteivals  of  time,  to  which  tames  he  found  the  places  of  the  planet  upon  its 
orbit  „  and  upon  comparing  their  differences,  he  discovered  that  they  had  irre* 
gulantics  not  consistent  with  the  motion  of  a  body  in  an  ellipse ;  these  there* 
fore  must  have  arisen  fiom  some  inaccuracies  in  the  observations ,  and  as,  upon 
account  of  the  small  intervals  of  the  places,  such  eirors  would  be  the  cause  of 
great  errors  in  the  elements  of  the  orbit,  it  was  necessary  to  conect  these  in* 
accuracies,  so  agto  give  the  differences  such  alaw,  as  near  as  posbiblc,  that  they 
ought  to  have. 

395.  The  next  consideration  wqs,  upon  what  principle  this  collection  was  to 
be  made  ,  and  this  was*  by  finding,  as  neaily  as  possible,  about  what  pait  of  the 
ellipse  the  planet  was  in  at  the  time  of  the  above  observations,  aitd  then  by  observ- 
ing in  similar  paits  of  the  ellipses  described  by  the  other  planctd,  what  law  the 
first  aud  second  differences  of  the  angles  described  in  equal  times  obscive.  The 
places  of  the  planet  in  the  ecliptic  at  five  ponats  of  time  being  known,  its  place 
at  any  other  point  of  time  may  be  very  accurately  found  by  inteipolatuoiK  Now 
on  March  $,  1782,  at  Gh  14s  56"  mectfi  time  (at  which  time  the  planet  was  sta* 
tionwy),  its  apparent  longitude  upon  the  ecliptic  was  observed  to  be  2'.  28°* 
49'.  27" ;  the  heliocentric  longitude  was  also  found1  by  interpolation ;  hence  the 
distance  of  the  plan^from  the  sun  came  out  18,9053,  the  eaith's  distance  fiom 
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the  sun  being  unity.  By  interpolating  the  place  of  the  planet  for  March, 
&k.  14'.  56",  it  was  found  to  have  moved  43",4365  in  24  hours  ;  but  a  planet 
revolving  about  the  sun  in  a  circle  whose  ladius  is  18,9053,  will  have  its  diurnal 
motion=  43",1647.  Now  the  angular  velocity  of  a  body  in  an  ellipse  is  to  the 
angular'velocity  in  a  circle  at  the  same  distance,  in  the  subduphcate  lafao  of 
half  the  latus  rectum  to  the  distance  ;  hence,  the  planet's  distance  from  the 
sun  was  less  than  half  the  latus  lectum.  Also,  by  alike  piocess  for  April  1781, 
it  appeals,  that  at  that  time  the  angulai  motion  of  the  planet  exceeded,  by  a 
very  little,  the  angular  motion  of  a  body  in  a  cucle  at  the  same  distance  ;  there- 
fore its  distance  fiom-  its  perihelion  could  be  but  a  very  little  less  than  90°.  We 
find  moreover,  that  the  angular  velocity  of  the  planet  about  the  sun  was  con- 
tmually  acceleiated  at  the  time  of  the  above  observations,  and  therefore  the 
planet  was  appioaclung  its  perihelion.  Now  by  examining  the  tables  of  the 
planet's  motions  in  similar  situations,  it  appears  that,  in  equal  intervals  of  fame, 
the  first  differences  decrease  veiy  slowly,  and  the  second  differences  increase 
very  slowly.  Mr.  ROBISON  therefore  gave  to  the  fust  differences  a  very  small 
diminution,  and  to  the  second  differences  a  veiy  small  increase,  and  this  col- 
lection was  made  without  alteimg  any  of  the  longitudes  moie  than  3"  j  for  the 
first  observation  had  its  longitude  diminished  l",  the  second  and  third  increaaed 
2  ,3,  and  the  fouith  and  fifth  diminished  by  3",  and  this  must  be  allowed  to  be 
within  the  limits  of  piobabihty.  The  times  concsponding  to  the  above  men- 
tioned equal  intervals,  and  the  coriespondmg  corrected  longitudes,  cleared  from 
the  effects  of  abenation  and  nutation,  and  reduced  to  the  orbit,  and  the  epoch 
of  178*3,,  are  as  follows  :  * 

True  time  at  Greenwich.  Longitude. 

Dec.  21,  1781,  17".  20'.  17"  ----  3'.    0°.  53'.  50" 

-  26,  1782,  9.  9.  45  ----  3.  S.  21.  16,  5 

-  31,  1783,  0.  59.  13  ....  3.  9.  50.  37,  5 
Jan.  3,  1785,  16.  48.  41  ....  3.  14.  21.  52 

-  8,  1786,  8.  38.  9  ....  3.  18.  54.  58 

/ 

These  give  the  following  intercepted  arcs,  with  their  fin*  and  second 

diffeiences  : 
4°.  27'.  26",5 

1'.  54",5 
4-.    29.  21  1* 

1.  53,  5 

4.    31.   14,5  2 

1.  51,5 
4.    33.     6 

Fiom  these  data  the  elliptic  orbit  of  the  planet  is  Lo  be  constructed. 
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FIG  296.  Let  ACP  be  the  orbit,  P  the  perihelion,  S  the  focus,  A,  B,  C,  D,  E 
65-  the  places  of  the  planet  at  the  five  oppositions ,  and  diaw  the  chords  and  the 
radii.  Now  we  may  conceive  the  chords  AC,  CE  to  be  bisected  by  the  radii 
SB,  SD  in  *  and  g.  Foi  supposing  them  to  be  bisected,  the  bungle  ASx- 
CSx,  and  the  tnangle  BaG=&aeA,  by  Euclid  B.  I.  P.  38.  And  the  ellipse 
being  nearly  a  ciicle,  SB  is  nearly  perpendiculai  to  CA,  and  theicfoie  the 
choids  BC,  BA,  and  consequently  the  two  segments,  will  be  very  neaily  equal, 
and  each  being  also  extremely  small  compared  with  the  triangles  CUB,  ASB, 
the  sectors  CSB,  ASB  will  be  very  nearly  equal,  and  hence  the  tunes  from 
A  to  By  and  from  B  to  C,  may  be  considered  as  equal,  without  any  sensible 
enoi,  and  theiefoie  B  will  be  the  place  of  the  planet  at  the  second  observation. 
In  like  manner,  D  will  be  the  place  at  the  fourth  obseivation. 

297.  Let  the  g!ven  angles  ASB =v,  BSC^v,  CSD=x,DSE=y,  ASC=#>, 
CSE=s,  then  AS    Ax-m\AvS    sin.  «,  and  Cx,  01  Ax     CS    sin.  v    sin! 
Cr.V  01  /US';  hence,  AS    CS    suit;    sin  «,  in  like  mannei,  ES  ,  CVS1: -on 
*  •  sin.  y ;  thus  we  know  the  ratio  of  AS,  CS,  ES,  and  the  angles  between  them] 
consequently  the  species  and  position  of  the  ellipse  may  (257)  be  found.    The 
erroi  ansing  fiom  the  supposition  of  the  choids  being  bisected,  is  heie  so  ex. 
tiemely  small,  that  it  may  safely  be  neglected ,  howevei,  as  Mr.  HOBISON  has 
shown  how  it  may  be  collected,  we  shall  explain  the  method,  as  it  may,  upon 
othei  occasions,  be  necessary. 

298.  Bisect  AE  in  F,  AC  m  H,  CE  m  G,  and  diaw  SHb,  SFc,  SQd,  OFk 
OGv,  0  being  the  centei  of  the  ellipse.    Since  the  angles  kOo,  cSd  are  veiy 
small,  the  tnangles  cFk,  dGv  aie  neaily  similar,  and  cF,  dG  being  considered 
as  veiscd  sines,  they  will  be  veiy  neaily  as  the  squaies  of  the  chords :  hence  the 
ucadfr    dGv    cF*    d&    AE*     CE*.    Now  by  the  pi opcrty  of  the  ellipse, 
the  aiea  EFlc=AkF,  also  EFS=AFS ,  hence,  SFkE=AkFS;  add  Fkc  to 
both,  and  &E=AJcF:S  +  Fkc=$cA  +  2FIcc,  therefoie  ScE -  ScA=2Fkc  -  but 
as  f>CE = SCA,  therefore  ScE  -  ScA^ZSCc,  consequently  Fkc=X(  'c.    For  the 
same  reason,  dGv  =  SDd ,  but  as  SD,  SC  are  very  neaily  equal,  Cc  •  Dd-  area 
SCc    SDd    Fkc.  dGv:  AE*  .  CE*.    And  as  tlic  aics^C,  CJE  are"  very  small 
and  neaily  equal,  therefore  ?F=Cc,  and  Gg=dD  veiy  nearly ;  also  AE    CE 
:.  2  :  l  very  nearly  ,  hence,  9F:  Gg::  16  •  i.  For  the  same  reason,  tf :  Hxr,  16 

l  nearly. 

299.  Let  ABCDE  be  the  tme  ellipse,  take  Se  •  SC  .sin.  *  :  sm.y,  and, 
So  :8C,:  sm.  v  :  sin.  u,  and  Se,  So.  aie  the  values  of  the  first  and  last  radii,  as 
determined  m  Art.  297.  consequently  Ee,  ^aare  the  enors  to  be  found. 

Now  SC  :  Cg  :  •  sm.  g  :  gin.  x 
And  Cg    Eg    Cg  .  Eg 
Also  Eg  .  SE    sin,  y  '  sm.  g 
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SC    SE  :  ;  Cg  x  sin.  y     Eg*  sin.  $ 
But     Se  :  SC  r  sin.  x    sin.  y 
&  .  5'J5     Cg  .  Eg 
EeiSEr.Cg-Eg  :  Eg.  \2gGi  Eg. 
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In  like  manner,  Aa  •  £4:  2#H 
nearly  equal) 


(because  the  aics 


•  Eg,  and  lience,  as  ££  =  A$^  neaily, 

Now  A$yjE  :  jEp     sin.  p      sin.  ss 
And  »  :  A$  ,  *  >7p  :  ^ 
Also  ^^  :  /S^/     sin,  •&>     sin,  p 

ASf  E  :  SA  •  jE^>  x  sin,  w  :  A?  x  sin. 
Assume  /S^  .  ^o  .  :  sin.  %  :  sin.  w 
..SE  .  So::  Ep  :  Ap 
/.  SE  :  Eo  *  JSP  :        -  .Ep  or 


are  veiy 
neaily. 


&r.SA  :  &,  therefore^  :  o- 
=o,  nearly  ,  but  Aa^ 
hence,  J*Be,  and 


But  as  EA  IB  nearly  =  2AC9  E?  =  2Eg  neaily  j  also  2?F^ 

Hence,  ^j;  :  JJo  •  :  2JS^  :  SQGg  .:  %  :  i6Gg 

Eut  Ee  .  SEr.zGg    Eg 

.%  Ee:  Eo.   ZGg  :  16%  ,  "  1     8. 

Make  &  :  ^::sin  *  :  ffln.  ^andthen 
^  &  ;  and  as  S^Sa  nearly,  therefoie 
consequently  Ee=o*  nearly^  but  ^= 

=|^  nearly. 

la  like  mannd,  find  a  point  «  as  .  was  found,  by  talcing  Se    S*  "  sin  a  •  Sm 
*,  and  a  point  o'  as  o  was  found,  by  taking  SE  :  So'  .  •  sm.  »  :  sin.  '^  an"d  by  ^ 

same  reasomng  it  will  appeal,  that  ^|.     Hence  we  have  the  following  con- 
struction  to  obtain  the  three  radzi.     Take  CS  of  any  value  ;  assuw  SC  -  Sa~ 
sm.  «  :  am.  .,  ^  :  &  -.  sm.  y  :  am.  *,*•&,::  **.»  :  ^  andV:^  ::  sin. 
*  :  sin.  «,     Then  make  SA=Sa  and  ^=&_5  and 


the  othertwo  radii.     Henceby  Art.  257.  the  angle  ESP***.  4°.  of.  53"-  and 
he  excentncity  =  0,9006,  the  mean  dlstance  of  the  earth  being  un  ty    '  A7so 
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yeai  :  square  of  this  sidereal  revolution  :•  1  •  the  cube  of  the  planet's  mean  dis- 
tance  from  the  sun.    Hence  we  deduce  the  following  elements. 

Mean  distance         -  19,08247 

Excentncity        ......  0,9006 

Peiiodic  time        ......  83,359    years 

Mean  anomaly  at  £        .....  45s.     O°.  32'.  51"                  I 


T  nng*  1  ff^l  fo<  eP°ch  Vet.  31.  1783^  "'  23'      9'    51 
Long,  of  the  node)          r  (.   2.  12.    46,    14 

Inclination  of  the  orbit        -  O.    46,    25 

Equation  of  the  centei         --....  5.    26.   56,6 

300.  These  elements,  says  Mr.  ROSISON,  aic  as  accuiate  as  the  observa- 
tions on  which  they  are  founded  can  give  them;  and  agiee  at  piesent  (1788) 
very  well  with  the  observations,  the  differences  being  as  often  as  much  m  de- 
fect as  in  excess  ;  but  as  the  observations  were  made  so  near  together,  it  cannot 
be  expected  that  this  agreement  will  last  for  a  long  time.  As  they  may  be 
found  to  vary  from  obseivations,  they  may  be  corrected  by  Art.  267,  without 
computing  them  over  again.  The  stai  N°.  964,  observed  by  MAYER  in  1756, 
is  not  now  to  be  found  ;  and  by  computing  the  place  of  this  planet  fox  the  time 
of  his  observation,  Mr.  ROBISON  found  the  planet  to  be  only  3'.  52"  westward 
of  the  stai,  and  l"  northward,  from  which  he  suspected  that  it  might  have  been 
this  planet  which  MAYER  observed.  It  will  appeal  however  that  this  was  not 
the  case.  It  was  also  conjectured  by  some  Astionomeis,  that  the  star  N°.  84 
Taun,  of  the  British  Catalogue,  was  the  new  Planet;  but  Mr.  ROBISON 
thinks  this  conjecture  by  no  means  to  be  admitted,  as  it  cannot  be  made  to 
agree  with  the  elements.  Mr.  ROBISON  has  computed  tables  of  this  planet's 
motion,  and  observes,  that  the  deviations  from  observations  made  ncai  the  ver- 
nal stations  are  in  defect,  whilst  those  near  the  autumnal  stations  aic  in  excess. 
Hence  it  maybe  presumed,  that  the  mean  distance  and  penodic  time  are 
somewhat  too  small,  and  the  aphelion  too  foiwaid.  This  he  did  not  perceive 
till  after  he  had  computed  his  tables,  and,  he  observes,  the  task  was  too  tedious 
to  make  the  computations  anew.  He  therefore  publishes  them,  not  in  the  per- 
suasion that  they  are  perfect,  but  because  they  are  more  consistent  with  obscr- 
vations  than  those  of  M.  de  la  PLACE,  and  ORIANI,  the  only  ones  which  he  had 
then  seen* 
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TJte  Elements  given  by  M.  de  la  PLACE,  are, 

Mean  longitude  1784        ....        3s.  14°.  43'.  is" 
Aphelion        ...        .        .        -      11.    17.     e.  44 
Node        .......        2.    12.    46.   47 


.....         -         -         5.    21.      3,2 

Inclination        ........     46.    16 

Secular  motion  of  the  aphelion  -  .  .  3.  28.  0 
~'  ---  node  .....  26  10 
Mean  distance  .......  19,18352 

SOI.  M.  de  la  LANDE,  m  the  Hi&toire  de  V  Academic  Royalties  Sciences,  1787, 
has  coriected  these  elements,  aftei  detei  mining  two  distances  from  the  sun  the* 
angle,  and  time  between.  We  shall  explain  the  manner  m  which  he  has  re- 
duced  the  Pioblem  to  these  data.  To  examine  more  accuiately  the  motion  of 
this  Planet,  he  settled,  from  the  best  obseivations,  the  places  of  those  fixed  stais 
with  which  the  Planet  had  been  compared. 

302.  Let  S  be  the  sun,  E  and  F  the  places  of  the  eaith  when  the  Planet  was 
m  quadiatures  at  H  and  K.      Now  in  the  quadiatuie  befoie  opposite,  the      66 
geocentnc  longitude  computed  was  found  to  be  gi  eater  than  that  by  obser- 
vation, and  in  the  quadratuie  after  opposition,  to  be  less.    Diaw  SGH  SIK 
and  suppose  G  and  7  to  be  the  computed  places;  then  as  the  diflhence  between 
the  tiue  and  computed  ^stances  from  the  sun  cannot  sensibly  vaiy  between  the 
two  quadratures,  we  may  suppose  GH=IK,  and  consequently  the  angle  J2£<? 
—"M;  and  as  the  difference  between  the  tiue  and  computed  angular  veloci' 
ties  will  not  sensibly  vary,  we  may  suppose  the  true  places  to  be  at  Hand  K 
when  the  computed  axe  at  G  and  7.     Hence,  on  the  contrary,  when  the  angles 
-«  £0r,  XFIarc  obseived  to  be  equal,  the  true  places  will  be  at  J?  and  K  and  the 
computed  ones  at  G  and  7.    Now  the  distance  KG  compaied  with  S£  beme- 
given,  and  the  angle  SEG  a  light  angle,  if  we  assume  the  angle  #*X?=10" 
we  shall  find  Gtff=0,0l7.     At  the  quadratui  es  at  £  on  Novcmbei  21    1788' 
the  enor  HEG  was  found  to  be  23",  and  the  cnor  XF7in  the  preceding  qua! 
drature  May  8,  was  20",  we  will  therefore  take  the  mean  2l",5  foi  each  enor- 
hence,  10"    0  017  :  2l",5  .  0,03655  the  quantity  by  which  you  must  augment 
the  computed  distance  in  order  to  get  the  true  distance.    M.  de  la  LANDE 
makes  it  0,04.    Now  fiom  the  position  of  E  and  S  in  respect  to  G,  as  the  com 
puted  geocentric  longitude  of  G  was  diminished  l",5,  the  concsponding  com 
puted  heliocentric  longitude  will  be  diminished  by  about  the  same  quantity" 
subtiact  theiefore  l",5  from  the  computed  heliocentric  longitude,  and  you  will 
have  the  true  heliocentric  longitude.     Repeat  the  same  for  any  other  quadra 
ture,  and  you  will  get  the  two  distances  fiom  the  sun,  with  the  angle  and  time" 
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Ait  312  S  all  the  planets  i  evolve  about  the  sun  as  then  centei,  it  is  mam 
feat,  that  to  a  spectator  at  the  sun  they  would  appeal  to  move  in  the  diicction 
on  which  they  really  do  move,  and  shine  with  full  faces  But  to  a  speetatoi  on 
the  earth  which  is  m  motion,  they  will  sometimes  appeal  to  move  in  a  dnection 
contiaiy  to  their  real  motion,  and  sometimes  appear  stationaiy  ,  and  as  the  same 
face  is  not  always  turned  towaids  the  eaith  as  towaids  the  sun,  some  pait  of  the 
disc  which  is  lowaids  the  caitli  will  not  be  illuminated  These,  with  some 
otliei  appeiiinces  and  cncumstances  which  ue  obseived  to  tike  place  among 
the  planets,  we  shall  next  pioceed  to  explain  ,  and  is  these  aie  m  ittcis  in  which 
gieat  accuiacy  is  nevci  icquisite,  being  o(  no  gieal  piactical  use,  but  lather 
subjects  of  emiosity,  we  shall  considei  the  motion  of  all  the  planets  as  per 
foimed  in  circles  about  the  sun  in  the  centei,  ind  lying  in  the  plane  oi  the 
ecliptic 

IIG          313    To  find  the  position  of  a  pi  met  when  stationaiy     Let  $  be  the  sun,  JB 
68      the  eaith,  P  the  cotemporaiy  position  of  the  pi  met,  XYtlic  spheic  of  the  fixed 
stais  to  which  we  refei  the  motions  of  all  the  plmets  ,  let  EF>  PQ  be  two  in 
definitely  small  aics  described  in  the  sunc  time,  and  let  EP,  FQ  pioduced, 
meet  it  L,  then  it  is  manifest,  that  whilst  the  eaith  was  moving  fiom  K  to  F, 
the  planet  appeal  ed  statiouaiy  at  L  f  and  on  account  of  the  immense  distance 
of  the  fixed  stais,  EPL9  FQL,  m  ly  be  consideied  is  p  uallel    Diaw  *S£,  8 
SvP  and  bQ  ,  then  as  EP  and  FQ.  aic  poi  illel,  the  ingle  QFti-  P£S 
~PES  =  ESF,  and  HP<w-f)QF^f>vF-SQF=PbQ>  that  is,  the  eotcmpo 
rary  vanations  of  the  angles  E  and  P  die  as  ESF    P8Q,  01  (bceausc  the  angu 
lai  velocities  aic  mveisely  as  the  penodic  times,  01  mveiscly  in  the  scsqmplicate 

11  *       i 

latio  of  the  distances)  as  *S7J      A'£P,  or  as  a      l      But  the  sines  of  the  angles 

E  and  P  being  in  the  constant  latio  of  a    l,  the  eotempoiaiy  vanations  of 
these  angles  will  (as  is  well  known)  be  is  then  lingents     Hence,  if  a,  and#  be 

the  sines  of  the  angles  E  and  P,  we  have  v    y    a    1,  and  —  =-^    —  ^--a 

a  a3  —  a*          afy  a 

f    1,  whence  **  =  3TTf  =V+fl'+l'  and  V=~  tiie  SinC  °f  the 


planet's  elongation  fiom  the  bun,  when  stationaiy 

Ex   If  P  be  the  earth,  and  E  Venus  ,  and  we  take  the  mean  distances  of 
the  eaith  and  Venus  to  be  10000O  and  72333,  we  find  #=0,48264  the  sine  of 


ON  THE  APPARENT  MOTIONS   AND   PHASES   OT  THE   PLANETS 

28°  51'  5",  the  elongation  of  Venus  when  stafaonaiy,  upon  the  supposition  of 
cncuhi  oibitis 

Foi  excentiic  oibits,  tlie  points  will  depend  upon  the  position  of  the  apsides 
and  place  of  the  bodies  it  the  fame  "We  may  howevei  get  a  veiy  neai  appiox- 
imafaon  thus  Find  the  time  when  the  planet  would  be  stafaonaiy  if  the  oibits 
T*eie  cuculai,  and  compute  for  beveial  days,  about  that  fame,  the  geocentric 
place  of  the  planet,  so  that  you  get  two  days,  on  one  of  which  the  planet  was 
dnect  and  on  the  othei  letiogiade,  in  which  mteival  it  must  have  been  stataon- 
aiy,  and  the  point  of  fame  when  tins  happened  may  be  deteimmed  by  inteipo- 
lafaou  The  aic  of  lefaogiadafaon  must  manifestly  be  diffeient  m  different  parts 
of  the  oibit  M  de  la  LANDE  has  given  us  the  following  cncumstances  re- 
specting the  stafaonaiy  situations,  and  ictrogiade  motions  of  the  planets  The 
first  stafaonaiy,  means  the  stafaonaiy  position  aftei  the  planet  has  been  direct, 
and  the  second  stafaonaiy,  after  it  has  been  letiograde  The  titles  above  show 
the  places  of  the  planet  and  the  eaith  in  then  oibits  when  the  planet  is  first 
stationary ,  all  othei  elongations  at  the  time  they  aie  stafaonaiy,  aics  and  du- 
lafaons  of  letiogiadafaon,  must  necebsanly  be  contained  within  these  limits  If 
the  fame  of  letiogiadafaon  be  subti  icted  fiom  the  fame  of  a  synodic  revolution, 
the  lemaindei  gives  the  fame  m  which  the  motion  of  the  planet  has  been  direct 
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MERCURY 


Elongation  at  the  fiist  stataonaiy    - 

second  stationary 

Arc  of  letiogiadafaon 
Duiafaon  of  letiogiadafaon 


S  in  perihelion 
GUI  aphelion 
35°  23'  34" 

20  50    55 
1*    43    58 

21  days  12/z 


$  m  aphelion 
©in  perihelion 

-  18°  39'  23" 

-  14    48    39 

-  9    21    56 


VENUS 


Aic  of  letrogiadafaon        - 
Duration  of  ictrogiadafaon 


?  in  perihelion 
©in  dphehon 

29°     6'  42'J  - 

29,  40    42  - 

17    12    15  - 

4i3daysl2h  - 


¥  in  aphelion 
©in  peuhelion 

-  28°  28'     0' 

-  27    41      O 

-  14    35    58 

-  40  days 
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ON"  THE  APPARENT  MOTIONS   AND   PHASES  or  THE  PLANE1S 


MARS 


Elongation  at  the  fiist  stationary 
"•  second  station 

Arc  of  retrogradation 
Duration  of  retrogradation 


tf  in  penhehon 
©in  aphelion 

4'  25°     3'     9' 

4    26    36    51 

O    1O      6    11 

6O  days  18  hours 


$  m  aphelion 
Qm  peuhehon 

-  4s  10°  18'  50r 

-  4      8    44    20 
,    0    19    84    38 

%Q  days  15  hour*. 


JUPITER 


Elongation  at  the  nrst  stationaiy 

'    " '       ' second  station 

Arc  of  retrogradation 
Duration  of  retrogradation 


If  in  perihelion 
©in  aphelion 
-     4*     0°     7'  47" 
-    3    26  *  41    49 
O      9    51    30 
H6dayt>  18  hows 


%  in  iphfhoH 
©in  puiiicliou 

-  3s   24°     2'   35" 

-  3    23    35    18 

-  0      9    59    23 

days  12  houn 


SATURN 


Elongation  at  the  first  stationary 

— second  station* 

Arc  of  retrogiadation 
Duration  of  retrogradation 


Jy  in  perihelion 
©in  iphchon 

-  3'    20°  19'   38" 

-  3    20    4*    50 
O      6    55    44 

135  days  9  hours 


Jj  in  aphelion 
©ni  puihdum 

-  3'   17°  51'     5* 

•  3    17    24    48 
0      6    40    39 

1S8<%61 8  hours 


GEORGIAN 


Elongation  at  the  first  stationary 
......  second  station 


of  Tetsrogradation 
D&tetam  of  retrogiadation 


penhehon 
©m  aphelion 
3*   12°  23' 
3    15.     5 
O.     4    IS 


$m  aphelion 
©in  perihelion 

-  3',  13°  S3' 

-  3    13    47 

-  O      4      3 


riii-   ti>i»Aitfvr  mmov*  AVD  IWAIM  or  t«r,  rr, 


lit    lo  mid  tin  /w<  «bm   i  pUmt  it  st4timmt\,  *c»  must  Know  the 
of  us  op]*,.  iimn,  m  mltwi  <  untune  firm.    I*  t  m  ami  *  be  tin*  <Ui!y  motions  of 
tlu  tat  tit  map!  unhand*  itu  .unfit  /*H/  when  thi-  |»liuut  w  iiUhmwiv,  then 
m    n,  or  //  -  /«,  is  tiit  tfo,K  \  Ul 

,  41  (imtltlg  ju,  ](  IS  4 


tun.  i,,i,,     „,   *,«,,„„,  fmn 


tu.th  |Hluu  tmi 


A    L«  /*  In*  liu    tMtth,  /'  Vimi.,  tiuii  In  th,  IA^IH|»U  tu  Ait. 
U'-S/'/     VH    ,1,7,  rhuitoiv/'s/     u<tKM/i    ».  17, 
ui  iLi\  <  the  turn*  lx  t»tvit  thi  itili  um  «  fiti|uiu*ffmn 


«If.  «  tlu  ^lo^tttum  In*  f)4i*ni*     «iti   4  it  mil  ii  \v  w  ,unv 
nut*  of  tlu.  j.l  nut  timn  Hi,    uu,  .omptiui  w»th  tl<«   *  iithNtli  t  uius  aii 

1|§  '1  ,  ^   i^1"'-  "'.1'^      / 

II,,    mrh 

tin     ui 


*  in  ttpjm  if  um,  4ml  rut          m  p«it    m 
'«  ki  /:  b.  iht*  ,  .,*!,,  |»  4  ,»,H,»«r  p|Ji  m 
m  tli*  itmM  m{iur«*  i<*rt«  «f  the  w 
t  mints  tin  Mt|ii'rnti  pitting  tnmi*.4limt«ilv  hi*mts<l  $pt  J»Q  jw  tHa  ^ 

iiii'U  Mtitn...titiii>oun  ii,     /^i,l,   .id  m  /  /',  ,m«i  mi  ,tmmnf  «,f  the*  mJ 
ni^tttm,,  .it  (In    ,>|i,u    j/..Mh,  |JHI,i  tii./^,mii|  tul   //*  m 
•"if  '  1«  fvu  ii  /•  i,t,t  w,  ton  ..|m,,iU  <lu  pUmt  lui.  inH4iul  tci  mm,  ,,ttrt 
"  <  '»«m  "  tj.  *       It  /Mn  tin  ,  i,tl,,  ,  ul  /    „,  I1|I(M  ltt  plim,  m  mloi|ol 
,  if  vul  I  ,M    iiHMilt|  tti  hii.     ,m  ton.     Hm 


Ui.«,  c.mfM(tiinitiiit«  .M 

mt  i 

'17    It  V!«  tlu    ,„,,  /  t|u  MIlhf  ;  VtmtH  m   Mc-tfurv,  ami 
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in  their  centei,  would  be  found  by  saying,  ES  SV  rad  sin  SEV  But 
the  oibits  aie  not  cuculai,  m  consequence  of  which  the  angle  EVS  will  not  be 
a  light  angle,  unless  thegieatest  elongation  happens  when  the  planet  is  at  one 
of  its  apsides  The  angle  SEVi*  aLso  subject  to  an  alteiation  horn  the  van 
ation  of  SE  and  SV  The  greatest  angle  SEV  happens,  when  the  planet  is  in 
its  aphehon  and  the  eaith  m  its  perigee ,  and  the  least  angle  hEV,  when  the 
planet  is  m  its  perihehon  ind  the  eaith  in  its  apogee  M  dehLANDrhas 
calculated  these  greatest  elongations,  and  finds  them  4*7°  48'  and  44°  57'  foi 
Venus,  and  28°  2O'  and  17°  36'  foi  Mercury  If  we  take  the  mean  of  the 
gieatest  elongations  of  Venus,  which  is  46°  22',5,  it  gives  the  angle  FM=-48° 
S7',5,  and  as  the  difference  of  the  daily  mean  motions  of  Venub  and  the  caith 
about  the  sun  is  37',  we  have  37'  43°  37,5  1  day  70,7  days,  the  time  thai 
would  elapse  between  the  gieatest  elongations  and  the  infenoi  conjunction, 
if  the  motions  had  been  uiiifoim,  which  will  not  vaiy  much  iiom  the  tiuc 
time 

Di  MASKELYNE  gives  the  folio  wing  mle  foi  finding  the  time  of  the  gieatest 
elongation  of  an  inferior  planet     Take  the  diffeiencc  of  the  sun's  and  that  of 
the  planet's  longitude  foi  eveiy  thiee  days,  about  the  time  of  the  gieatcst  elon 
gation,  and  note  on  which  day  (the  25th  m  this  example  foi  Mcicuiy)  the 
elongation  is  the  gieatest  (21°  56')      Then  as  the  elongation  was  gieitei   on 
the  28th  than  on  the  22nd,  the  28th  was  neaiei  the  gieatcst  elongation  than 
the  22nd     The  gieatest  elongation,  theiefoie,  was  aftci  the  25th,  and  call  the 
time  (the    decnnil  of  a  day)  h,    and  the  gieatest  elongation,  21°    56'  +  # 
Hence,  on  tho  22nd,  tho  distance  of  the  tune  to  the  gieatcst  elongation,  was 
3  +  7t,  and  the  diffeience  fiom  the  gieitcst  elongation,  was  21°  56'  + A— 21", 

31';=  25'+ a 


June 

O  's  Long 

Mei  Long 

Elong 

16 

2s    24°   22' 

2s      5°    41' 

18°    41' 

19 

2     27     14 

2       6     48 

20     26 

22 

306 

2       8     35 

21      31 

25 

S       2     58 

2     11        2 

21      56 

28 

3       5     49 

2     14        6 

21      43 

On  the  28th,  the  distance  of  time  fiom  the  greatest  elongation,  was  21°  !><>'T  i 
-21°  43'  =  13'  +  #  Therefore,  on  the  22d,  25th,  28th,  the  interval  fiom  the 
times  of  the  greatest  elongation,  and  the  excesses  of  the  gieatest  elongation 
above  the  computed  elongations,  weie  3+  h,  h,  3  —  h  and  25'+?,  £,  13'+? 
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respectively,  but  as,  foi  small  quantities,  the  spaces  vaiy  veiy  neaily  as  the 
squaiesofthetimes,9+6;^     A*     25 -M     *,   and  If     9-L  +  //  *     is' 

JL.  fi  M  Pf|  f*A         7*   -  i—    1   0  8      _          O^J  il  i  rt  i 

T*  ,  neiice,  /*_ _f,  =  IU  oi  a  day,  the  tame  aftei  the  25th  fo*  the  gicatest  elon- 
gation =Ji^  houis,   and  ,2? — T^'S/  —  OQ"   „«,!  *i.  i 

,  *— j.o  x^—^  — ^«,  and  the  gieatest  elongation 

is  21°  56'  28" 

tffi!8    T^dtTtGtheappeaianceofaPlanetatanytime     Let^bethesun, 

Jui  Ine  eatr.h.    V  VWmc    -fi-n    nxn,-««l«.     ^TT-/.  J.K  _      i  n     TI  * 


/•i  *  *  — — -  "  i~"^  v«»j  oLut,      ric 

:<"'IT^  A C"T'       Cample,  a^  the  plane  of  illumination  pcipendicu-      71 
,  cva  the  plane  of  vision  peipendiculai  to  JSK  and  diaw  m*  ™,™»A. 


™  , 

i    *     if       P        °f  VMOn  PelPendl«'l<"  to  -E^,  and  diaw  a,  pcipend!- 
culai to  ed,  then  ca  is  the  bieidth  of  the  wxble  iUumuuted  pait,  which  i,  plo- 
jectod  mto cv  the  veiscd  szue  ofcFa,  w  SVZ,  foi  !>Vc  is  the  complement  of 
each     Now  the  cucle  teimmatmg  the  illuminated  patt  of  the  planet,  beme  seen 
obliquely,  appeaia  to  be  an  elhpse,  theiefoie  if  cmdn  represent  the  projected 
hcmisphe.c  of  Venus  next  to  the  eaaih,  m,  cd,  two  diameteis  peipcndiculai  to 
each  othei,  and  we  take  <*=the  veised  sine  of  &rz,  and  descubo  the  ellipse 
mm.then^tTOwm  iep,e,ent  ti,e  visible  enlightened  pait,  «  ,t  appoas  at 
ttecailh      and  torn  fte  pi  ope,  ty  of  the  elhpse,   this   alca   vanes   »   «, 
Ueace,  a*  toutk  enlightened  pa,  t    the  <wliok  due    the  versed  me  of  f>V7 
tuametei  J  "'" 

nonce,  Afe^Ty  -vnd  Vemi  will  h  ivc  the  mme  phases  fiom  then  mftno!  to 
iheu  supenoi  conjunction,  u  the  moon  lus  fiom  the  now  to  ftc  full  md  the 
same  horn  the  ,upe,ioi  to  the  iufen0l  conjunction,  as  the  moon  ha,'fJOmthe 
M  to  the .new  Jfo.,  wdl  appeal  g.bbous  m  q.^atme,,  as  the  lie  S?J 
wifl  ften  diffex  conSiderably  horn  two  nght  angles,  and  consequently  "he 
sine  torn  the  diametei  For  J^ter,  &U»,  n  and  the  Geerg^n,  the  angle 
neve,  Meis  enough  fiom  two  light  angles  to  make  them  appeal  g,bbo 
tlut  they  ilwiys  appo-u  to  shine  with  a  full  face  g'DDO 

fl,,319i  LCi  ^'°  tllclllo°"  '  lhen  ai  ^^"  veiy  small  compa.edwith 


,  hence,  //^  vwuus  vnugntLnta part  qj' the  moon  vane;*  veni 
v&sed  6Z/26  o/  z/j  elongation 

320  Di  HALLPY  pioposed  the  Mowing  Pioblem  To  find  the  pc 
Venus  when  biightcst,  supposing  its  oibit,  and  that  of  the  eaith,  to  be 
having  thejun  m  the  centei  Draw  Sr  peipendiculai  to  EVZ,  and  put  a^SE 
"7!  '  ^EF, y^Fr ,  then  b-y  is  the  veised  sine  of  the  angle  >SFZ  and 
as  the  intensity  of  light  vanes  mveisely  as  the  squaie  of  its  distance,  the  quan- 
tity of  hght  1Cceived  at  the  earth  vaiics  as  ^=£- ^ ,  but  by  kchd,  B" 

II  P  12  ^=^  +  ^4^,  hence,^=^=^r£!,  substitute  this  for  ^  and 


2.2? 

VOL     I 
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we  get  the  quantity  of  light  to  be  as  A  -  <r""^r"'r  =  2&y~g*  +  &*H  *" 


maximum ,  put  the  fluxion  equal  to  nothing,  and  A=v/Sa*  +  b*  —  Qb  Now  if 
#=  1,  £=,72333  as  in  Di  HALLEY'S  Tables,  then  a,  =  ,43036  ,  hence,  the  angle 
JSSF=22°  21' ,  but  the  angle  ESV  ai  the  time  of  the  planet's  gicatest 
elongation  is  43°  4O',  hence,  Venus  is  brightest  between  its  infenoi  con- 
junction and  its  gieatest  elongation  ,  also,  the  angle  £EF=39°  44'  the  elonga- 
tion of  Venus  from  the  sun  at  the  same  time  The  angle  SVZ=.  VSE  +  VES^z 
62°  5',  the  veised  sine  of  which  is  0,53,  radius  being  unity.,  hence  (318), 
the  visible  enlightened  pait  whole  disc  0,53  2,  Venus  theiefoie  appeals  a 
little  moie  than  one  fomth  illuminated,  and  answeis  to  the  appearance  of  the 
moon  when  five  days  old  The  diamctei  of  Venus  is  about  39",  and  theiefoie 
the  enlightened  pait  is  about  1O",25  At  this  time,  Venus  is  blight  enough 
to  cast  a  shadow  at  night  This  situation  happens  about  36  days  befoic  and 
aftei  its  mfciioi  conjunction,  foi  the  daily  vaiiation  of  the  angle  ESV  is  the 
difference  of  the  daily  motions  of  the  eaith  and  Venus  about  the  sun,  which 
(taking  their  mean  motions)  is  37',  an  angle  ESV  theiefoie  of  22°  21'  cones- 
ponds  to  about  36  days  It  passe*  the  mendian  about  2/z  31'  bcfoie  01  aftei 
the  sun,  accoiding  is  we  take  the  situation  aftei  01  befoie  the  infenoi  conjunc- 
tion If  instead  of  supposing  Venus  and  the  earth  at  then  mean  distances,  we 
suppose  Venus  in  its  perihelion  and  the  eaith  in  its  apogee,  the  elongation  of 
Venus  when  brightest  would  be  39°  6' ,  and  if  Venus  wcie  m  its  aphelion  and 
the  caith  in  its  perigee,  it  would  bo  4O°  20'  Memoirs  de  Be)  hn,  1750 

321  If  we  apply  this  to  Mei  cm y,   £=,3171,  and  a,  =  1,00058,  hence,  the 
angle  ^#^=78°    55' i ,  but  the  same  angle  at  the  time  of  the  planet's  gicatcst 
elongation  is  67°  iS'i      Hence,  Moicuiy  is  bnghtest  between  its  grc  itest  elon- 
gation and  supenoi  conjunction      Also,  the  angle  #$7=22°  is'}  the  elonga- 
tion of  Mercury  at  that  time 

322  When  Venus  is  bnghtest,  and  at  the  same  time  is  at  its  gicatest  noith 
latitude,  it  can  then  be  seen  with  the  naked  eye  at  any  time  of  the  day,  foi 
when  its  north  latitude  is  the  gieatest,  it  rises  highest  above  tho  hon^on,  and 
theiefoie  is  moie  easily  seen      This  happens  (325)  once  m  about  eight  yens, 
Venus  and  the  earth  ictuinmg  neaily  to  the  same  paitb  of  then  orbits  aflci  that 
interval  of  time 

823    Venus  is  a  moimng  stai  fioin  infenoi  to  supenoi  conjunction,  and  an 

no       evewfog  star  from  supenoi  to  infeiior  conjunction     For  let  S  be  the  sun,  E  the 

72       caith,  A.CB&  the  oibit  of  Venus,   arm,  csn,  two  tangents  to  the  eaith,  lepre- 

sentmg  the  honzon  at  each  place      Then  the  eaith  i evolving  about  its  axis 

according  to  the  oidei  abc,  when  a  spectator  is  at  a,  the  pait  rOm  of  the  oibit 

of  Venus  is  above  thehoii7on,  but  the  sun  is  not  yet  nsen,  theiefoie  Venus, 

m  going  fioin  r  through  C  to  m,  appears  in  the  moimng  befoic  sun  rise     When 
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the  spectatoi  is  earned  by  the  eaith's  lotation  to  c9  the  sun  is  then  set,  but  the 
pait  nDs  of  Venus'  oibit  is  still  above  the  honzon  ,  theiefoie  Venus,  m  going 
from  n  thiough  D  to  s,  appeals  in  the  evening  aftei  sun  bet 

324   If  two  planets  revolve  in  circulai  oibits,  to  find  the  time  from  conjunc- 
tion to  conjunction      Let  P=the  penodic  time  of  the  eaith,^  =  that  of  the 
planet,  suppose  an  inferior,  f=the  time  lectured      Then  P     i  dav     360° 
360° 
—  p-the  angle  described  by  the  eaith  m  l  day,  foi  the  same  ieasonj!^js  the 

P 
angle  descubed  by  the  planet  m  l   day,  hence,  ^°  ~  2|£  1S  the  daily  an, 

gulai  velocity  of  the  planet/row  the  eaith      Now  if  they  set  out  fiom  conjunc- 
tion,  they  will  letum  into  conjunction  again  aftei  the  planet  has  gamed  360° 

hence,    ~--3-f    360°     1    day    t=  Foi   a  supeno!    planet,    /-' 


This  will  also  give  the  time  between  two  oppositions,  01  between  any 
two  similai  situations 

325   To  find  the  time  when  a  planet  and  the  eaith  letum  to  the  same  point 
of  the  Heavens     Find,  fiom  a  Table  of  their  mean  motions,  a  number  of  years 
agieemg  to  a  complete   numbei  of  levolutions  of  the  phnet      Now  Mercuni 
in  13  yeais,  (of  which  thiee  aie  bissextiles)  and  thiee  days,  make  54  evo- 
lutions and  2°     55'  ovei  ,  and  the  eaith  has  made  13  evolutions  and  2°  49 
ovei      In  this  time  therefore  the  earth  and  Meicury  letum  to  the  same  situa- 
tion m  the  heavens,  very  neaily     It  will  be  13  yeais  and  two  days,  if  theie  be 
torn  bissextiles      Venus,  after  a  space  of  eight  years,  is  found  within  1°   32'  of 
the  same  place,  and  the  earth  within  4'     Mars,  m  15  yeais  wanting  18  davs 
has  changed  its  place  11s    11°    26',  and  the  eaith  U'    11°    38',  if  theie  have* 
been  fom  bissextiles,  it  will  be   15  yeais  wanting  19  days      But  m  79  yeais 
and  4  days,  supposing  theie  aie   20  bissextiles,    Mars  letmns  to  the  same 
situation  within  3°    39',  and  the  earth  within  3°    48'      Jupiter  in  83  yeais  le- 
turns  to  the  same  point  within  12',  and  the  earth  within  6'     The  penod  of  12 
years  5  days  appioaches  veiy  neai,  foi  Jupitei  has  m  that  time  made  4°    47' 
above  one  revolution,  and  the  earth  5°    l'  above  12  evolutions     Saturn  in  59 
yeais  and  two  days  retuins  to  the  same  situation  within  1°   45',  and  the  eaith 
within  1°    41'     M  de  la  LANDE,  who  has  given  these  returns  of  the  planets 
and  eaith  to  the  same  point  of  the  Heavens,  has  also  added   the  following 
GRAND  CONJUNCTIONS,  & 

On  May  22,  1702,  Jupiter  an4  Saturn  weie  within  1°   4'  Of  each  othei 
Mzscel  Berolin   p   217 

On  February  11,   1524,  Venus,  Mars,  Jupiter  and  Saturn  were  very  near 
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each  other,  and  Mercury  not  above   16°  from  them,  accoiding  to  the  Ephe- 
meiis  of  STOFFLEB 

On  Novembei  11,  1544,  Mercury,  Venus>  Jupiter  and  Saturn  weie  within  the 
space  of  10° 

On  Maich  17,  1725,  Mercury,  Venus*  Mars  and  Jupiter  appeal ed  within  the 
same  telescope     SOUCIET,  Obs  Mathem  Tip  103 

On  Decembex  23, 1769,  Venus,  Mars  and  Jupiter  were  within  1°  of  each 
other 


CHAP   XVIII 

ON  HIE  MOON'S  MOTION  FROM  OBSERVATION,  AND  ITS  PHENOMENA 

Art   326    iHE  moon  being  the  neaiest,  and  most  lemaikable  body  m  our 
system  next  to  the  sun,  and  also  useful  foi  the  division  of  time,  it  is  no  wondei 
that  the  ancient  Astionomeis  weie  attentive  to  discovei  its  motions ,  and  it 
is  a  veiy  foi tunate  cucumstance,  that  then  obseivitions  have  come  down  to  us, 
as  fiom  thence  its  mean  motion  can  be  moic  accuiately  settled,  than  it  could 
have  been  by  modern  obseivations  only  ,  and  it  moieovei  gave  occasion  to  Di 
HALLET,  fiom  the  observations  of  some  ancient  eclipses,  to  discovei  an  acce- 
leiation  in  its  mean  motion     The  piopei  motion  of  the  moon  m  its  orbit  about 
the  eaith  is  fiom  west  to  east,  and  fiom  comparing  its  place  with  the  fixed  stais 
in  one  levolution,  it  is  found  to  descube  an  oibit  inclined  Lo  the  ecliptic     its 
motion  also  appeals  not  to  be  umfoim  ,  and  the  position  of  the  oibit,   md  the 
line  of  its  apsides  aie  obscivcd  to  be  subject  to  a  continual  change     These  cu- 
cumstances,  as  they  aic  established  by  observation,  we  come  now  to  explain 
the  physical  causes  thcieof  will  aftciwaids  become  the  subject  of  oui  considei' 
ation 

To  determine  the  Place  of  Hie  Moon's  Nodes 

327  First  Method    Let  AE  be  the  echpti*,  A  the  flrst  point  of  Aries   OL     no 
the  moon's  orbit,  N  the  nocfe,  m  the  place  of  the  moon  in  its  orWt  when  it      73 
passes  the  mcndian  on  the  day  befoic  it  comes  to  the  ecliptic,  n  the  place  when 

it  passes  the  day  altei,  and  duwwt;,  mo  peipendiculai  to  JSW      Find  (124) 
its  latitudes  mo,  nw  on  these  two  days,  and  its  longitudes  A<o9  Aw,  then  mv  + 
nw    mo    vw    »N,  which  added  to  Ao  gives  the  longitude  of  the  node     To 
find  the  time  when  the  moon  is  in  the  node,  we  have  veo    vtf    the  mteival  of 
time  between  Uie  passages  of  the  moon  ovei  the  mcndian    the  mteival  from 
the  time  of  the  first  passage  ovei  the  meridian  tdl  it  comes  to  the  node    tins 
interval  Oierefore  added  to  the  time  of  that  passage,  gives  the  time  of  the  naa 
sage  through  the  node  ^ 

328  Second  Method     In  a  central  eclipse  of  the  maon,  the  moon's  place  at 
the  middle  of  ike  eclipse  is  directly  opposite  to  the  sun,  and  the  moon  must 
also  then  be  in  &e  node ,  calculate  therefore  the  true  place  of  the  sun    or* 
which  is  more  exact,  find  its  place  by  observation,  and  the  opposite  point  'will 
be  the  tiue  place  of  the  moon,  and  consequently  the  place  of  its  node, 
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Ex  M  CABSINT,  in  his  Astronomy,  pag  281,  infoirns  us,  that  on  Apnl  6, 
1707,  a  central  eclipse  was  observed  it  Pans,  the  middle  of  which  was  detei- 
mined  to  be  at  IBh  48'  appaient  time  Now  the  tiue  place  of  the  sun  calcu- 
lated foi  that  time  ™  is  CT  26°  19  17",  hence,  the  place  of  the  moon's  node 
was  6'  26°  19'  17"  The  moon  passed  fiom  north  to  south  latitude,  and  thuc- 
foie  this  was  the  descending  node 

no          829    Third  Method     To  find  the  place  of  the  node  by  a  paitial  eclipse 
74      Find,  by  observation,  the  magnitude  AE  of  the  eclipse  at  the  middle,  and  sub 
tract  it  from  the  semidiameter  AD  of  the  eaith's  shadow,  and  we  have  DB,  to 
which  add  BC  the  semidiametei  of  the  moon,  and  we  have  CD     Now  at  the 
time  of  a  lunai  eclipse,  we  may  suppose  the  angle  CND  =  5°  17',  fiom  which 
it  will  ncvei  diffei  but  a  veiy  little     Hence,  m  the  light  angled  tiianglc  DON, 
light  angled  at  (7,  we  have  DC  ind  the  angle  DNC,  to  find  DN ,  and  as  the 
point  D  is  opposite  to  the  tiue  place  of  the  sun,  which  is  known  by  computa 
tion,  the  place  N  of  the  node  will  be  known 

Ex   On  March  26,  1717,  the  middle  of  an  eclipse  was  obscived  at  Pans  at 
h  16',  and  the  digits  eclipsed  were  7io  towaids  the  noith     Now  the  bomidi 
ametei  of  the  moon  was  15'  46",  and  that  of  the  shadow  42   43",  hence,  12 
dig     7J£  dig     81'    32"  the  diametei  of  the  moon     19'    8'~AB,  theiefore 
#D=23'  35",  to  which  add  EC-IS!   46",  and  we  have  CD  =  39'    21',  which , 
is  south,  because  the  shadow  upon  the  moon  is  towaids  the  noith      Ilcnco   m 
the  light  angled  tiiangle  DCN,  we  have  CD  =  39'  21",  and  the  angle  JV=5°, 
17',  consequently  DN=>70  8'  26",  which  is  the  distance  of  the  centci  of  the 
earth's  shadow  fiom  the  ascending  node,  because  the  shadow  of  the  cdith  is  on 
the  north  side  of  the  moon  and  the  latitude  is  deci  easing     Now  the  tiue  place 
of  the  sun  at  that  time  was  0'  6°  20'  43",  and  therefoie  the  tiue  plac  e  of  the  cen 
tei  D  of  the  earth's  shadow  was  6s  6°  20'  43",  to  which  add  DN—V*  8'  26" 
and  we  get  the  true  place  of  the  ascending  node  of  the  moon  to  be  m  6'  13% 
29'   9"     M  de  la  LANDE  makes  the  epoch  of  the  ascending  node  (01  1780,  to 
be  2'  0°  3'  2" 

On  the  Mean  Molion  of  the  Nodes 

330  To  determine  the  mean  motion  of  the  nodes,  find  (327)  the  place  of 
the  nodes  at  different  times,  and  it  will  give  theii  motion  in  the  inteivol  Wo 
must  first  compare  the  places  at  a  small  mteival,  to  get  ncaily  then  mean  mo- 
tion, and  then  at  agreatei  mteival  to  get  it  moie  accurately  Now  on  Apnl  16, 
1707,  at  18ft  48'  at  Pans,  the  ascending  node  was  in  0s  $0°  19',  and  on 
March  26,  1717,  at  l$h  16',  the  place  of  the  same  node  was  m  6''  13°  29', 
also  by  an  eclipse  observed  srt  the  same  place  on  September  9,  1713,  at  Bh  4', 
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the  place  of  the  ascending  node  was  ,n  5'  16°  4O'  From  the  two  1  vst  obseiva- 
tions  it  appeals  that  the  node  is  letiogiade  Now  the  inteival  of  these  two  ob- 
seivat,onswas531rf  Ok  16'  48",  dmmg  which  time  the  nodes  moved  retio-rade 
through  26°  49',  which  gives  the  dminal  motion  3'  2'  If  Wc  compaie  the 
iirst  and  last  observations,  they  give  the  daily  motion  3'  10" 

331  But  to  deteimme  the  mean  motion  of  the  nodes  with  gieatei  accmacv 
we  must  compaie  togethei  moie  distant  obseivations  PTOLI  MY,  m  his  Alma 
gest,  mentions  thiee  lunai  eclipses,  that  weie  obseived  at  Babylon  b\  the  Chal 
deans  The  fust  was  total  on  Maich  19,  72O  yeais  befoie  J  C  the  beginning 
was  at  7*  30  in  the  evening,  and  the  middle  was  at  9A  30'  The  second  wat 
on  Much  8,  719  yeals  befoie  J  C  the  middle  of  which  happened  at  midnight 
and  the  gieatest  quantity  eclipsed  was  3  digits  towaids  the  south  The  thud 

^PPTd  T  SePtembei  *>  719  yeals  befoie  J  C  the  middle  of  which  was  at 
S/i  30  in  the  evening,  and  the  moon  was  eclipsed  a  veiy  little  moie  than  one 
Halt  towaids  the  north     Now  it  being  unceitam  whethei  the  mst  eclipse  was 
cential,  M  CASSINI  takes  the  second,  and  the  diffeience  of  the  meiidutis  of 
Babylon  and  Pans  being  2h  42  ,  it  gives  the  middle  of  the  eclipse  at  Pans  9/j 
18  m  the  evening      And,  by  computation  (329),  we  find  the  cente!  of  the 
eaith  shadow  to  be  8°    24'    So"  fiom  the  ,ode      The  middle  of  the  third 
eclipse  happened  at  Pans  ,t  5h  48',  and  M  CASSINI  takes  the  dig.ts  eclipsed 
to  be  6T,  and  computes  (329)  the  distance  of  the  centei  ol  the  shadow  fion  the 

°     °         '      W" 


wio  t      ,      f  ,  oeivaaon., 

whe  hei  he  latitude  of  the  moon  was  ascending  m  descending,  and  theiefoie 
we  do  not  know  at  which  node  the  eclip.es  happened  To  detei  mine  this,  take 
the  total  eclipse  on  March  19,  the  m.ddle  of  which  was  at  9A  30'  at  Babylon 

°'6/'   48+1at  ^11S'V  at  whic*  faflte  *e  sun's  P'^e,  by  computafaon,  was  n-' 
-1     27,  tliciefoie  the  moon's  place,  was  5s  21"  27'     Between  this  time  and 
Ae  eehpse  on  Septembe,  1,  theie  was  vciy  neaily  18  months,  m  which  time 
the  nodes  had  moved  letiograde  about  29°,  which  subti  icted  fiom  the  place  of 
the  moon  m  the  obseivation  on  Match  19,  which  we  suppose  to  be  nearly  the 
same  as  that  of  its  node,  as  the  eclipse  was  total,  gtves  the  place  of  the  node  on 
Septembei   1,  in  4'   23°,  and  the  opposite  node  in  iff    23°     Now  the  tu.e 
place  of  the  sun  at  the  middle  of  this  eclipse  was  5'  1°  7',  and  consequently 
tnat  of  the  moon  n'   1«  7'     Hence,  the  place  of  the  moon  ,„  tlus  echjse  was 
about  8  before  the  place  of  the  node,  and  the  moon  being  eclipsed  on  the  no,  th 
side  this  must  have  been  the  descending  node      Hence,  if  we  subtiact  8°   1  5' 
the  distance  of  the  node  fiom  the  centei  of  the  shadow  on  Septembei  1,  719' 
,Tt  'i    \   7  tl]e1l)hce  of  tl'e  center  of  the  shadow,  we  sh  Jl  have  10'  22°' 
52  foi  the  place  of  the  descending  node  on  Septembei  1,  719  ycais  bcibie  J  C 
consequently  the  tiue  place  ol  the  wccnduig  node  was  *•  22°  52'     Now  the 
place  of  the  ascending  node  on  Septembei  9,  1718,  al  M    4'  of  the  evening 
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was  5*   16°  4O',  and  as  the  motion  of  the  nodes  is  letiogiade,  the  node  in  this 

lattci  caso  wants  23°   48'  oi  being  up  to  the  place  of  the  node  in  the  foimei 

case,  conbequently  m  this  inteival  of  time,  which  is  2437  yeais  (of  which  608 

were  bissextiles)  19d  2/i   16,  the  nodes  made  a  ceitam  numbei  of  i evolutions 

and  336°    12'  ovei      Now  Ait   330   gues  3'   10"  foi  the  mean  dim nal  motion 

of  the  nodes,  and  consequently  iu  the  above  time,  the  nodes  must  have  made 

131  complete  levolutions,  if  theiefoie  we  divide  2437#    I9d  2h  16' by  131 

levolutions  336°    12',  it  gives  6798c?   7/t  foi  the  time  of  a  mean  levolution  of 

the  nodes,  hence,  if  we  divide  6798tf  1h  by  S65d  it  gives  19°  19'  45"  foi  the 

mean  motion  of  the  nodes  m  a  common  yeai  of  365  days,  and  if  we  divide  19° 

19'   45"  by  365,  it  gives  3'  10'    38'"  foi  the  mean  daily  motion  of  the  nodes 

This  diffeis  only  38'" fiom  the  motion  detei mined  fiom  the  obseivitions  in  1707 

and  1718      The  motion  of  the  nodes  is  not  unifoim,  ceitam  equations  theie 

foic  aic  ucccssaiy  to  be  applied  to  the  me  in  place  in  oidei  to  get  the  tmc  place 

at  any  time      MAYER  in  his  Tables  mikes  the  mean  annual  motion  19°    19' 

If  we  examine  the  motion  of  the  nodes  fiom  the  eclipses  on  Maich  8,  and 
Septcmbci  1,  719  yeais  befoie  J  C  it  gives  3'  10"  20'"  foi  then  moan  duly 
motion  We  have  no  leason  therefote  to  think,  that  the  mean  motion  of  the 
nodes  i£  subject  to  any  change 

On  the  IncknaUon  oj  tfo  Orbit  of  the  Moon  to  the  Edtpltc 

332    To  dctcimme  the  inclination  of  the  oibit,  obstivo  the  moon's  light 
isconsioii  and  cleclmition  when  it  is  90°  fiom  its  nodes,  and  thence  compute 
its  latitude  (124),  which  will  be  the  inclination  at  tint  time     llepcat  the  ob 
soivation  foi  evexy  distance  of  the  sun  fiom  the  caith,  and  foi  eveiy  position 
of  the  sun  and  moon  in  lespect  to  the  moon's  nodes,  and  you  will  get  the  in 
clmation  at  those  times     Fiom  these  obseivations  it   ippcais,  that  the  mcli 
nation  of  the  oibit  to  the  ecliptic  is  vamble,  and  that  the  kail  inclination 
is  ibout  3°9  which  is  found  to  happen  when  the  nodes  ue  m  qiudiatuies, 
and  the  greatest  is  about  3°    fs',  which  is  obseived  to  happen  when  the  nodes 
die  in  sy/ygics     The  inclination  is  found  also  to  depend  upon  the  sun's  dis 
tynce  fiom  the  eaith 


On  the  Mean  Motion  of  Hie  Moon 

333    The  mean  motion  of  the  moon  is  found  fiom  obseivmg  its  place  at  two 
times,   and  you  get  the  mean  motion  in  that  mteival,  supposing  the 
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tial  eclipse ,  it  is  sufficiently  accuiate,  howevei,  foi  this  long  mteual  Fiom 
the  unequal  angular  motion  of  the  moon  about  the  eaith,  the  hourly  motion 
of  the  moon  is  subject  to  change  fiom  29'  55"  to  38'  22",  the  excentiicity 
of  the  oibit  pioduces  a  vaiiation  of  s'  36" ,  the  evection  pioduces  one  of 
42",  and  the  vamtion  pioduces  one  of  4O"  The  collections  foi  ill  the  inequa- 
lities of  the  moon's  motion  will  be  found  in  the  Tables  of  the  moon 

337  Hence,  to  find  the  mean  motion  for  any  other  time,  say,  the  inteival 
between  the  eclipses  2437y    174^    wanting  46'    any  othei  time    S2585ievo- 
lutions  6"    6°    12'    the  mean  motion  in  that  time     This  is  moie  exact  than 
taking  the  mean  diurnal  motion  18°    1O'   35"  and  multiplying  it  by  the  time, 
as  small  errors  aie  thus  multiplied  and  become  considciable     M  de  LAMBIIP 
makes  the  seculai  motion  to  be  10s    7°    53'    12",  which  M  de  la  LANDL  uses 
in  his  Tables     MAYER  m  his  Tables  makes  it  10s  7°  53'  35"     In  this  motion 
of  10O  yeais,  25  die  supposed  to  be  bissextiles 

338  As  the  pieccssion  of  the  equinoxes  is  50",25  in  a  yen,  01  about  4"  in  a 
month,  the  mean  revolution  of  the  moon  in  icspect  to  the  h\cd  stais  must  bo 
greater  than  that  an  respect  to  the  equinox  by  the  time  the  moon  is  desuibmg 
4"  with  its  mean  motion,  which  is  about  7'     Hence,  the  time  of  a  bidcical 
revolution  of  the  moon  is  27 'd   *lh  43'    12" 

^339  M  de  la  LANDE  has  determined  the  i evolution  in  icspect  to  the  equi 
noxestobe  27d  7/i  43'  4",6795,  which  does  not  diflei  y  from  the  above, 
and  hence  he  makes  the  sidereal  i  evolution  27tf  1h  43'  li",5259  Honco, 
the  mean  synodic  revolution  (324)  is  29d  12h  44'  2",8283  If  we  take  unity 
to  repiesent  the  mean  motion  of  the  moon  in  lespect  to  the  fked  stall, 
then  will  0,004021853^26  lepiescnt  the  motion  of  the  node,  found  by 
companng  then  me  in  motions ,  hence,  as  the  nodes  move  ictiogiade,  the  side 
real  revolution  of  the  moon,  27tf  7/4  43'  ll",5259,  its  i  evolution  in  icspect 
to  its  nodes  1,004021853526  1,  the  moon  approaching  the  node  with  the 
sum  of  the  velocities ,  hence,  the  levolution  of  the  moon  in  lespect  to  the 
nodes  is  27d  5h  5'  85",603  This  is  the  detci  ruination  of  the  mean  icvolu- 
tions  to  the  beginning  of  this  centuiy 


To  determine  tfie  Place  oftlie  Moon's  Apogee,  and  the  Equation  of  its  Orbit 

340,  Compare  the  obseivul  place  of  the  moon  at  any  time  with  the  place 
observed  at  any  time  aflciwaidb,  take  the  mean  motion  concspondmg  to 
the  inteival  of  time,  and  add  it  to  the  moon's  place  at  the  fiist  obseivation, 
and  the  difference  between  that  sum  and  the  moon's  place  at  the  second  obser- 
vation shows  the  effect  of  the  equation  of  the  orbit  between  these  two  situations 
of  the  moon  Repeat  this  foi  a  great  many  mteivals,  and  maik  those  wheio 
the  difference  between  the  sum  befoie  mentioned  and  the  moon's  tiue  place  # 


no 
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gieatest  both  m  excess  and  defect  If  the  greatest  excess  and  defect  be 
equal,  it  is  a  ploof  that  at  the  time  of  the  fust  obseivation,  the  moon  was 
in  its  apogee  OI  pengee,  and  that  its  tiue  and  mean  places  weie  the  same  In 
this  case  each  of  these  differences  is  the  gieatest  equation  of  the  moon's  orbit 
it  the  greatest  exces,  and  defect  be  not  equal,  half  the  sum  will  measuie  the 
gieatest  equation,  and  if  from  the  greatest  equation  we  subtract  the  least  of 
the  diffeiences,  we  shall  have  the  equation  of  the  moon  at  the  fame  of  the  first 
observation  M  CASSIN!  uses  the  place  of  the  moon  as  detei  mined  from  is 
eclipses,  selecting  those  wh,ch  were  pioper  for  this  purpose  ,  and  although 
the  apogee  has  moved  m  the  interval,  yet,  as  the  true  and  mean  place  of  the 
moon  always  coincide  at  the  apogee,  jt  will  not  affect  the  conclusion  Mkm 
d'Aslron  pag  297 

34!  Hence,  to  find  the  place  of  the  apogee,  let  AMPV  be  the  orbit  of  the 
moon  A  the  apogee,  Pthe  pengee,  Cthe  center  of  the  orbit,  Tthe  ealth 
in  the  focus,  F  the  other  focus,  Mthe  place  of  the  moon  at  the  tame  of  the 
first  obseivation,  pioduce  TM  to  R,  take  MR=MF,  and  join  BF  Flom 
the  greatest  equation  find  (231)  the  ratio  of  AC  to  CT  ,  tins  being  koown  we 
havo.rj  TR  sm  FRF  s,n  IFR,  or  AFR,  now  FRT^FMT  thelan^ 
tion  of  the  moon  at  the  fiist  obseivation,  upon  the  simple  elkptx  hypothecs 
(227),  hence,  we  know  AFR,  fiom  which  subtract  FRT,  and  we  get  ATM 
the  moon's  distance  fiom  its  apogee 

342   Let  the  fiist  eclipse,  with  which  the  others  aie  to  be  compaied   be  a 
total  one,  the  middle  of  wh.ch  happened  at  Pans  on  December  10,  1685    at 
10*    38'    10"  mean  time      The  tiue  place  of  the  sun  at  that  tuni  by  cat 
culation,  was   8'    19°   40',  md  consequently  the  moon's  place  was  2'  19°   J 
l^t  the  next  eclipse  be  tie  total  one  on  May  16,  1696,  the  middle  of  wh,rl, 
was  m  7'  56"  mean  time  at  Pans,  and  the  moon's  place  was  7'  26°  °  3  ^35" 
Now  m  thismteival  of  10  jeais  (of  which  3  weie  bissextiles)  I57rf  i/z  29'  46" 
the  mean  motion  of  the  moon,  omittmg  the  complete  evolutions,  was  5'   12°' 
53     10      this  added  to  2'   19°  40',  the  place  at  the  fust  eclipse,  gives  8<  2° 
33    10  to  the  mean  place  at  the  second  eclipse,  the  diffeience  between  wmch 
and  the  tiue  place  7s  26»  53'  35",s5°  39'  35"    The  next  eclipse  compaied  mth 
the  fiist  was  that  on  Maich  15,  1699,  the  middle  of  which  was  at  7/14' 
mean  time  at  Pans,  at  which  time  the  moon's  true  place  was  5'   25°   28'  41" 
Now  m  this  mteival  of  13  yeais   (of  which  3  were  bissextiles)  94rf  20h  35' 
50,  the  mean  motion  of  the  moon,  omittmg  the  revolutions,  was  3'   1"  24' 
47  ,  this  added  to  2'   19°  40',  the  place  at  the  fiist  eclipse,  gives  5s    21°    4' 

t  /°°  t"  T7/aCe  ^  f  B  tlUld  echpSe'  the  dlffeience  betwoen  wl«^  and 
5    25    28    41    the  tiue  place  is  4°  23'  54"     In  the  fonner  case,  the  faue 

place  was  less  han  the  mean  place  by   5s    ,9-.  35',  and  m  the  latter  case,  the 
mean  place  is  the  least  by  4°  23'    M»     These  aie  the  gieatest  differences  of 
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all  the  eclipses  between  1685,  and  1720  Now  the  sura  of  these  diffeienceft 
is  10°  3\  29")  and  the  half  sum  is  5°  l'  44",5  the  greatest  equation  of  the 
moon's  01  bit  deduced  fiom  these  observations  And  if  fiom  5°  l'  44",5 
we  take  4°  2S7  54",  the  least  difference,  we  have  37'  50",5  foi  the  equation 
of  the  moon  at  the  time  of  the  mst  eclipse,  and  this  taken  fiom  2'  19° 
40,  the  tiuc  place  of  the  moon  at  that  time,  gives  2s  19°  2'  10"  foi  the  mean 
place  of  the  moon  on  Decembei  1O,  1685,  at  lOh  38'  10"  mean  time  at 
Paris  This  theiefoie  maybe  considered  as  an  epoch  of  the  mean  place  of  the 
moon  This  is  the  method  used  by  M  CASSINI  But  the  best  method  is,  to 
observe  aecuiately  the  place  of  the  moon  for  a  whole  i  evolution  as  often  as  it 
can  be  done,  and  by  comparing  the  tlue  and  mean  motions,  the  gieatest  differ 
ence  will  be  double  the  equation  If  two  obseivations  be  found,  wheie  the 
difference  of  the  true  and  mein  motions  is  nothing,  the  moon  must  then  have 
been  in  its  apogee  and  peiigce  MAYTR  makes  the  mean  excentiicity  0,05503568, 
and  corresponding  greatest  equation  6°  18'  3i",6  It  is  6°  18'  32"  in  his 
last  Tablfcfc  published  by  Mr  MASON,  undei  the  duection  of  Di  MASKE 

LtfNfc, 

S4S  To  determine  the  place  of  the  apogee,  fiom  M  CASSTNI'S  obseiva 
tionsfc  we  have  the  greatest  equation  — 5°  l'  44",5,  theiefoie  (231),  57°  17' 
48*,8  3°  SO'  52",26  ,-40=alOOOOO  CT*=4S88  ioi  the  moon's  excentiicity, 
Also,  TJF=8776  rjR=200000  sm  TRF=1S'  55",25  sin  TFR,  01  AFR, 
=  7°  1 2\  5to'^  from  which  take  mF==  18'  55",25,  and  we  have  ATM-  6°  58' 
25"  the  distance  of  the  moon  fiom  its  apogee ,  add  this  to  2a  19°  4O',  the  tiue 
place  of  the  moon,  and  it  gives  2s  26°  33'  25"  for  the  place  of  the  apogee  on 
Decembei  10,  1685,  at  lOJi  38'*  10"  mean  time  at  Pan-5  This  theiefore  may 
be  considered  as  an  epoch  of  the  place  of  the  apogee 

344  If  we  compare  the  same  eclipaein  1685  with  two  others,  one  of  which 
happened  on  July*7, 167£>  and  the  other  oft  Apul  14,  1642,  we  shall  get  the 
equation  of  the  orbit  5°  &. 14",  differing  only  37"  from  the  othei  dcteimmation 
Also,  the  place  of  the  apogee  at  the  eclipse  in  1685,  comes  out  29  25°  57'  58", 
which  is  35'  27"  lesa  advanced  than  by  the  foimer  case  If  the  moon's  place  be 
determined  by  observation  at  any  time  when  it  is  not  eclipsed,  the  same  method 
may  be  applied 

845  It  has  been  heie  supposed,  that  at  the  time  of  the  eclipses  the  moon 
was  -at  its  mean  distance,  and  of  the  gieat  number  of  obseivations  which  were 
compared  in  order  to  get  the  greatest  difference  of  the  true  and  mean  places, 
it  is  supposed  that  those  which  gave  the  gieatest  diffeiences  weic  so  circum 
stahced  Aide,  no  other  inequalities  have  been  supposed,  but  those  which  arose 
from  the  excentrtcity  of  the  mooa's  orbit  The  way  therefore  to  get  at  the 
greatest  accuracy  is  to  make  a  grttft  number  of  such  compaiisons,  and  take1  the 
mean* 
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846  The  place  of  the  moon's  apogee  may  also  be  thus  found  Take  a  gieat 
many  measures  of  the  moon's  diameter,  when  at,  01  very  neai,  the  full,  with  a 
miciometei,  and  i  educe  them  to  the  measme  at  the  same  altitude,  and  note  the 
times  of  observation,  seek  out  amongst  them,  those  which  aie  the  gieatest  01 
the  least,  and  you  have  the  time  when  the  moon  was  in  its  pengee  01  apogee 
Or  if  you  find  two  diameteis  equal  to  each  othei,  very  neai  together  3  the  moon 
must  have  been  in  its  apogee  01  pengee  m  the  middle  point  of  time  Now 
at  the  apogee,  the  diffeience  between  the  tme  and  mean  motion  of  the  moon 
foi  eveiy  degieeis  about  5',  and  at  the  pengee,  about  5'  30"  Hence,  the 
places  of  the  moon  being  known  at  the  time  when  the  two  diameteis  weie  found 
equal,  and  the  mean  motion  between  the  times  being  known,  the  mean  motion 
fiom  one  of  the  times  to  the  middle  point  of  tune  between  will  be  known , 
theiefoie,  as  the  diffeience  of  the  true  and  mean  motions  is  known,  the  tiue  mo- 
tion is  known  from  one  of  the  times  to  the  half  mteival  of  time,  and  con- 
sequently the  tiue  place  of  the  moon  at  the  half  interval,  or  place  of  the  apogee 
01  pengee,  will  be  known  But  on  account  of  the  gieat  difficulty  of  measuung 
accuiately  the  diametei  of  the  moon,  this  method  cannot  be  depended  upon  to 
a  gieat  degiee  of  accuiacy  It  was  fiom  obseivmg  the  diametei  of  the  moon, 
that  HORB.OX  found  the  motion  of  the  apogee  was  sometimes  m  antecedent^' 
and  sometimes  in  consequents ,  and  that  the  excentncity  of  the  orbit  must  be 
vauablc,  m  oidei  to  account  fot  the  second  equation  (349)  obseived  by  PTOI  EMY» 
By  this  method,  M  CASJ>INI  found,  fiom  the  eclipse  on  Decembei  10,  1685,  at 
lOh  38'  I0"appaienttime  at  Pans,  the  place  of  the  apogee  to  be  2s  25°  41', 
30"  From  the  mean  of  a  gieat  number  of  obseivations,  he  determined,  at  the 
above  time,  the  place  of  the  apogee  to  be  2s  24°,  32',  and  the  greatest  equation 
4°  58'  44"  But  the  excentacity,  and  consequently  the  greatest  equation,  is 
subject  to  a  vanation,  and  the  excentricity  here  deteimmed  is  about  the  least 
Accoidmg  to  MAYER,  the  mean  cxcentucity  is  0,05503568,  and  the  coirespond- 
ing  gieatest  equation  6°  18'  3l",6 

To  determine  the  mean  Motion  of  the  Apogee 

\ 

347  Find  its  place  at  diffeient  times,  and  compaie  the  diffeience  of  the 
places  with  the  mtei  val  of  the  time  between,  To  do  this,,  we  must  first  compaic 
obseivations  at  a  small  distance  fiom  each  othei,  lest  we  should  be  de- 
ceived in  a  whole  revolution ,  and  then  we  can  compaie  those  at  a  gieatci  dis- 
tance Now  we  may  eithei  compute  (343)  the  place  of  the  apogee  at  sevetaj 
times,  or  we  may  find  it  from  knowing  the  place  once,  according  to  the  follow- 
ing method,  given  by  M  CASSINI  in  his  Astamomy,  page  307,  The  place  of 
the  apside  has  been  deteimmed  for  Dec  10,  1685,  and  to  find  frora  thence  its 
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place  at  any  othei  time,  obseive  the  tiue  place  of  the  moon  at  that  time,  and 
find  the  mean  motion  conespondmg  to  that  inteival,  and  add  it  to,  01  subtiact 
it  fiom,  the  place  of  the  apogee  on  Decerabci  10,  1685,  accoiding  as  the  time 
was  aftei  or  befoie  that,  and  you  have  the  mean  place  of  the  moon  at  that  time 
the  diffeience  between  which  and  the  tiue  place  obseived,  is  the  equation  of 
the  oibit  at  that  fame,  if  the  mean  place  be  foiwaidei  than  the  tiue,  the  moon 
is  in  the  fiist  six  signs ,  if  backwaidei,  in  the  last  six     But  the  same  equation 
may  answer  to  two  different  mean  anomalies,  this  theiefore  leaves  an  uncer- 
tainty m  lespect  to  the  place  of  the  apogee     Now  from  the  mean  place  of  the 
moon  subtract  each  mean  anomaly,  and  it  gives  the  place  of  the  apogee  cones 
ponding  to  each  ,  consequently  you  get  the  motion  of  the  apogee  conesponding 
to  each  place  thus  found,  and  to  deteimme  which  is  the  tiue  motion,  repeat 
the  opeiatiou  foi  some  othei  time  compaied  with  the  place  of  the  apogee  on 
Decembei  10,  1685,  and  you  will  get  the  motion  conesponding  to  two  places 
again      Then  compaie  these  two  motions  with  the  othei  two,  and  those  two 
which  agiee,  must  be  the  true  motion 

348    By  thus  comparing  the  place  of  the  apogee  on  Decembei  21,  1684,  at 
10k   S3'  58"  appaient  tame,  with  the  place  determined  on  Dec   10,  1685,  ?M 
CASSINI  found  the  time  of  a  icvolution  of  the  apsides  to  be  eithei  8  yeais  and 
nearly  9  months,  01  about  3  years      And  by  compaimg  the  place  of  the  apo 
gee  on  Nov  29,  1686,  at  llh  7'  18"  appaient  time,  with  the  place  on  Decent 
bei  10,  1685,  he  found  that  the  motion  of  the  aphides,  deduced  iiom  thence, 
came  out,  one  between  eight  and  nine  yeais,  but  tint  the  othei  motion  did  not 
agiee  with  cither  of  the  foimei      The  time  of  a  levoluuon  theicfoic  must  be 
about  8  yeais  9  months     The  time  being  Urns  neaily  deteimmcd,  he  compute^ 
the  motion  fiom  moie  distant  obseivations,  and  fiom  a  mean  of  the  whole,  he 
found  the  time  of  aievolution  of  the  apsides  to  bo  8  common  yeais,  31  id  8h 
and  hence  the  mean  annual  motion  is  r  10°  39'  52",  and  daily  motion  6'  41' 
1  ,    MATER  m  his  Tables  makes  the  annual  motion  I1  10°  39'  50"     This  is 
the  mean  motion  in  respect  to  the  equinoxes     M  de  la  LANDE  makes  the  daily 
motion  in  zespect  to  the  equinoxes,  6'   4l",069815     Hence  he  deduces  the 
daily  motton  in  respect  to  the  fixed  stais  to  be  6'  40",932238     If  we  take  unity 
to  repiesent  the  mean  motion  of  the  moon  in  icspect  to  the  fixed  stars,  then 
•will  the  motion  of  its  apogee  be  lepresented  by  0,00845226445,  found  by  com- 
parmg  their  mean  motions,  hence,  as  the  motion  of  the  apogee  is  diiect,  the 
sidereal  xevolution  of  the  moon,  27rf   7£  43'  li",4947,    its  revolution  m  re 
spect  to  its  apogee     1  -  0,00845226445     1 ,  the  moon  approaching  the  apogee 
with  the  difference  of  the  velocities ,  hence,  the  revolution  of  the  moon  in  re- 
spect to  its  apogee  is  27d  ISA,  18'  S3",95     The  motion  of  the  apogee  is  not 
umfoim,  as  is  implied  in  this  «*fhod  of  deteimimng  its  mean  motion,  and 
therefoie  it  will  be  subject  to  a  smalt  eiroi,  unless  the  equation  should  be  the 
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same  at  both  obseivations,  this  erior  may  be  conected,  by  reducing  the  true 
to  the  mean  place  at  each  observation  HORROX  fiom  observing  the  diameters 
of  the  moon,  found  the  apogee  subject  to  an  annual  equation  of  1 2%5  Havine 
thus  explained  the  methods  of  deteimimng  the  moon's  mean  motions,  situation 
of  its  apogee,  and  the  equabou  of  its  oibit,  01  fiist  inequality,  we  moceed  to 
show  how  that,  and  some  of  the  othei  pimapal  inequalities  were  discoveied 

349   The  motion  of  the  moon  having  been  examined  foi  one  month    it 
was  ^mediately  discoveled,   that  it  was  subject  to  an  ureguhnty    which 
somebmes   amounted  to  5°  01   6«,   but  that  ttas  ureguhnty  disappeaied 
about  eveiy  14  days      And  by  contraumg  the  observations  foi   duTeienr 
months,  it  -Uso  appealed,  that  the  points  wheie  the  inequalities  weie  the 
greatest,  weie  not  fixed,  but  that  they  moved  forwaids  in  the  Heavens  about 
3  m  a  month,  so  that  the  mobon  of  the  moon  in  respect  to  lts  apogee  was 
about  ri,  less  than  its  absolute  motion ,  thus  it  appeared  that  the  apogee  had  a 
progiessive  motion     PTOLEMY  determined  this  Jfnt  mequahty,  o,  equation  of 
the  orbit,  fiom  thiee  lunai  eclipses  obseived  in  the  yeais  719  and  720   before 
J  C  at  Babylon  by  the  Ch-udoans ,  from  which  he  found  it  amounted  to  5°  i' 
when  at  its  gieatest     But  he  soon  discovered  that  this  inequality  would  nnt  »n 
count  foi  all  the  uiegulanbe,  of  the  moon     The  distance  of  the  moon  from 
the  sun  obseived  both  by  HIPPARCHUS  and  tomself,  sometimes  agieed  with  to? 
inequality   and  somebmes  it  did  not     He  found  that  when  the  apsides  of  the 
moon  b  orbit  weie  in  qua&atmes,  tins  first  inequality  would  give  the  moon's 
place  very  well   but  that  when  the  apsides  ,eie  in  syzyg.es,  he  discovered™ 
the  e  was  a  fiuthei  mequahty  of  about  2'*,  winch  made  the  whole  mequohty 
about  7  t     This  second  mequahty  is  called  the  Ejection,  and  arises  from  I 
change  of  excenbicity  Of  the  moon's  orbit     The  mequalrty  of  the  moon  was" 
theiefoie  found,  by  PTOLEMY,  tova.yfiom  about  5°  to  7°k  and  henr?  7k! 
mean  quanbty  was  6°  20'     MAYER  makes  it  6°  18'  Sl",6     It  is  veiv  extr 
dmuy,  that  PTOLEMY  should  have  deteimmed  this  to  so  great  a  degiee  of  accn" 
lacy     Ibis  mean  qu  mbty  is  tite  gieatest  equabon  of  the  oibit  for  the  mean 
cxcenb,city  and  is  called  tl,c>^  equabon     The  Jtoectton,  01  vailataon  of  ^° 
equabon  of  the  oibit  fiom  the  mean  equabon,  is  at  its  maximum  l°  20"  28' 9 
acco:dmg  to  MAYER   Hence,  when  the  apsides  a!e  in  syzygics,  at  which  bme 
the  excenbicity  ,s  found  to  be  the  gzeatest,  the  gieatest  equafaon  7  7=    sT 
0 ,5    and  when  tlie  apsides  •ue  m  quadlatuies,  at  which  bme  the  excentiicitv 
» ,  found  to  be  the  least,  it  is  only  4=  58'  2»,7     D'ARZACHEL,  an  Alab,  who 
obseived  in  Spam  about  the  yeai  1080,  fiom  compaimg  the  obseivationi  of 
PTOLEMY  and  those  of  D'AxBATEGNms  with  Ins  oi£,  chfcoveied  CS TaT 
sides  weie  sometimes  piogiessive  and  somebmes  legressive,  and  that  the  ex" 
cenbicity  was  subject  to  a  change    KEPLER  bcheved  this  to  bo  the  case   HOR" 
BOX  discover!  the  same  fiom  hu  own  obsembona ,  he  found  that  when  the 
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distance  of  the  sun  fiom  the  apogee  of  the  moon  was  about  45°  and  225°,  the 
apogee  was  moie  advanced  by  25°  than  when  the  distance  was  about  135°  and 
315°,  in  such  a  mannei  that  the  mean  motion  was  not  uniform,  but  subject 
from  thence  to  an  equation  of  about  12°,5     He  fiist  made  the  moon  i evolve  in 
an  ellipse  about  the  eaitli  m  its  focus,  and  although  some  difficulties  aiosefiom 
this  supposition,  yet,  he  says,  he  duist  not  give  up  the  hypothesis 
JTJO          350   TTCHO  explained  these  uiegulanties  thus     Let  the  eaith  be  at  Tthe 
76       centei  of  the  circle  sqxg,  whose  radius  is  100000 ,  Tr,  the  scmidiametei  of  the 
cucle  TV?e#,  =  21741  the  cucle  of  excentncity,  in  whose  cncumfeience  thecen 
tei  of  excentncity  is  supposed  to  move  in  consequents  Tdt,  with  a  motion 
equal  to  double  the  distance  of  the  moon  fiom  the  sun,  so  the  iddius  of  the 
cucle  0c#o  =  580O,  and  om,  the  radius  of  mwzv,  = 2900     Let  6^  =  90°,  and 
let  the  moon  move  liom  its  byzygies  and  apogee  at  s  to  quadratics  at  q,  and 
conceive  in  the  same  time  the  centei  of  excentncity  to  move  from  T  tlnough 
d  to  e,  with  twice  the  angulai  velocity  of  the  moon  fiom  the  sun     Then,  con 
aidenng  r  as  the  mean  place  of  the  centei,  when  the  moon  comes  to  q,  the 
equation  is  the  angle  cqr-=.  1°  15',  which  is  to  be  subtracted  in  the  fiist  quadra- 
tuie  at  q,  and  added  in  the  third  quadiature  atg,  this  will  produce  an  me 
quality  of  2°  30',  and  account  foi  the  Evectton     But  instead  of  supposing  the 
moon  to  revolve  in  the  circumference  sqxg9  let  the  center  of  the  circle  oacb  re 
volve  m  consequents,  and  the  moon  revolve  in  antecedents  in  the  cucumfer 
ence  obca,  and  be  at  o  when  the  moon  is  in  its  apogee,  and  to  descend  thiough 
b  and  arrive  at  c  when  the  moon  comes  to  its  pengee ,  this  will  produce  an  m 
equality  of  S°  19',  which  ib  pait  of  the  equation  of  the  centei     Lastly,  let  us 
suppose  the  moon  to  i  evolve  m  the  cucumfeience  zvmwm  consequents,  whilst 
the  center  0  moves      When  the  centei  is  at  o  let  the  moon  be  at  js,  and  when 
the  center  has  moved  to  b  01  a,  let  the  moon  be  at  m,  this  will  pioduce  an 
equation  of  1°  40',  which  added  to  the  last  gives  4°  59'     In  this  mannei  TY 
CHO  represented  the  irregularities  of  the  moon  discoveied  byProiLMY,  who 
explained  the  EvecUon,  by  making  the  centei  of  excentncity  descnbc  a  cirde 
Tdet,  and  the  equalton  of  the  center,  by  one  cuclc  obca     HORHOX  explained 
the  second  inequality  thus     Let  E  be  the  earth,  C  the  mean  place  of  the  cen 
tei  of  the  orbit,  EBCA  the  corresponding  line  of  the  apsides,  EC  the  mean  ex 
centnaty  of  the  oibit ,  and  if  we  suppose  the  center  of  the  orbit,  instead  of 
bejng  at  C,  to  describe  the  circle  ADJ3,  and  take  the  angle  ACD  double  the 
distance  of  the  apogee  from  the  sun,  then  AED  will  represent  the  equation  of 
the  apogee,  and  ED  the  excentncity     Sir  J  NEWTON  followed  the  same  hy 
pothesis 

851  But  IVcHo  being  able  to  determine  more  accurately,  from  his  observa 
tions,  the  true  place  of  the  moon,  found  that  the  place,  computed  fiom  the 
above  principles,  would  not  agree  with  obseivataons  out  of  syzygies  and  quadia 
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paiticulaily  m  the  octants,  wheie  the  diffcience  was  the  gieatest,  and 
wheie  he  found  it  fiom  37'  to  4tf     Thus  TYCIIO  discoveied  a  ttirrfmegulaiity, 
which  ho  called  the  Variation     To  explain  this,  he  substituted  anothei  ciiclc 
w>  and  gave  the  centei  of  the  cucle  obca  a  hbiatoiy  motion  in  the  diametei  m 
pe>pendiculai  to  Ts,  conespondmg  to  a  motion  m  the  circumfeience,  which  is 
double  the  distance  of  the  moon  fiom  the  sun     Thus,  with  the  center  6  and 
radius  equal  to  the  vuiation,  desciibe  the  cucle  lyn  ,  take  Ay  =  double  the  dib- 
tance  of  the  moon  fiom  the  sun,  draw  yp  peipendiculai  to  m,  and  wheie  it  cuts 
iw  m  s  will  be  the  place  of  the  moon  collected  foi  the  Variation     Foi  the  dif- 
feient  methods  by  \\hich  the  inequalities  oi  the  moon's  motion  have  been  lepio- 
sented,  see  RICCIOLI  Almageitum  Novum     Su  I  NLWTON  makes  this  inequal 
aty  vaiy  fiom  33'  14"  to  37'  11",  it  depending  upon  the  sun's  distance  fiom  the 
eaith      HORROX  makes  it  36'  27"  in  his  Tables      MATER  makes  it  36'  59",8 

352   TYCHO  also  discovered  another,  called  the  annual  equation,  because  it 
depends  upon  the  distance  of  the  earth  fiom  the  sun,  the  vanation  of  which 
causes  a  vanation  of  the  effect  of  the  sun's  action  upon  the  eaith  and  moon 
CASSINI  makes  this  equation  9'  44       Su  I  NEWION  makes  it  ll'  50"     TYCIIO 
obseived,  thit  the  mean  motion  of  the  moon,  in  older  to  be  uniform,  lequired 
an  equation  of  days,  diffeient  fiom  that  which  the  motion  of  the  sun  gave  -  but 
this  did  not  agiee  with  the  equation  which  we  now  employ     KEPLER  also'  em 
ployed  an  equation  foi  this  pmpose,  which,  he  said,  aiose  eithei  fiom  the  mo- 
tion of  the  moon,  01  the  equation  of  time     HORROX,  aftei  employing  the  three 
equations  alieady  mentioned,  collected  the  appaient  time  at  which  he  would 
calculate  the  tiue  place  of  the  moon  by  the  equation  of  time,  additive  in  the 
fiist  six  signs,  which  at  the  mean  distance  went  as  fai  as  13'  24",  which  is  the 
same  as  if  he  had  added  7'  21"  to  the  mean  longitude,*  at  the  same  time    he 
neglected  one  pait  of  the  tiue  equation,  which  would  have  been  7'  42"  sub- 
tiactive,  in  such  a  mannei  that  it  would  have  added  4'  14"  to  the  place  of  the 
moon,  these  two  would  have  made  the  whole  11'  35",  which  agiecs  with  the 
annual  equation     FUMSIEAD  obseived,  that  this  equation  of  time  was  not  the 
equation  belonging  lo  the  solai  system,  neveitheless  he  gianted  that  thi*,  equa- 
tion ought  to  be  employed,  which  he  says  is  pecuhai  to  the  moon,  it  being  af* 
ftcted  by  the  earth     Afteiwaids  Di  HALLEY  obseived  that  the  moon  moved 
fastest  when  the  sun  was  in  its  ipogcc,  and  he  fixed  this  equation  at  about  13' 
MULL  makes  it  11'  8',8 

3*3  It  is  vety  easy  to  conceive  how  this  annual  equation  might  be  discoveicd 
by  obseivation  By  computing  the  moon's  place  foi  a  gleat  many  times  in  the 
yeai,  allowing  foi  the  equation  of  the  oibit,  the  evection  and  vanation,  and 
compaimg  it  with  the  obseived  place,  it  would  appear  that  they  agieed  veiy 
well  about  the  beginning  of  Januaiy  and  July,  but  that  they  duTeied  coiWidei 
ably  at  the  beginning  of  Apnl  and  Octobei  This  would  point  out  an  equation 

* 


vor 
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But  besides  tli  ese  fom  puncipal  equations,  the  only  ones  deduced  solely  fiom 
obseivation,  tlieie  aie  A  gicat  many  otheis  which  aie  smallei,  whieh  die  found  \ 

by  theoiy  and  collected  by  obsei\ations      Thctheoiy  of  the  moon  must  theie-  I 

foie  be  consulted  by  those,  who  would  wibh  to  have  an  intimate  knowledge  oi  the 
subject  We  shall  aftei  wauls  give  so  much  of  it,  as  is  consistent  with  the  plan  of 
this  Woik  f 

354     TYCHO  found  that  the  motion  of  the  nodes  and  vaiiaiaon  of  the  in  t 

chnation  of  the  oibit,  weie  subject  to  an  meguLuity,  and  might  be  lepie&entcd  | 

JIG      by  the  motion  of  the  pole  of  the  oibit  m  a  cucle  FCFG,  whose  i  idnib  GD  =  9'  f 

78       30",  half  the  diffeience  of  thegieatc&t  and  least  inclinations,  the  centci  D  being  ( 

5°  8'  fiom  the  pole  A  of  the  ecliptic,  that  being  the  mean  inclination  of  tho  | 

01  bit,  iccoidmg  to  TYCIIO,  01  mem  distance  of  the  poles  of  the  ecliptic  and  " 

moon's  oibil      By  moie  accmate  obseivations,  GD^=.S    48",  and  the  mean 
inclination  £°    8'    49"     Let  the  pole  of  the  hum  oibit  move  in  the  ciicum 
fcienee  G1£C,  and  be  at  G  in  sy/ygies  ind  (  in  qiuthatuics,  ind  it  F  and  K  in 
octants,  its  motion  being  twice  the  tiue  distance  of  the  sun  liom  the  moon  u 

Then  when  the  pole  is  at  any  point  11,  II  A  is  the  inclination,  and  the  ingle 
HAD  the  equation  of  the  node,  the  angle  ADH  being  double  the  distance 
of  the  moon  fiom  the  sun  At  T^this  equation  is  the  gieatcst,  and  =  l°  46', 
found  fiom  the  tiiangle  DFA  Hence,  MAIER  gave  a  method  of  finding  the 
equation  of  latitude,  of  which  the  following  is  tiie  investigation,  given  by  M  de  \ 
la  LANDF  in  his  Asttonomy  J 

353  Let  L  be  the  moon  90°  fiom  the  tiuc  pole  K  of  its  oibit,  D  being  the 
mean  pole,  chaw  LJSM,  and  DM  peipcndicuhi  to  it  ,  then  as  the  ingle  DLM 
is  vciy  small,  we  may  suppose  LD^LM,  and  consequently  EM=.LD  —  LE 
Now  as  DA  is  vciy  small  computed  with  DL,  LL  ind  LD  will  be  vciy  nearly 
cwcles  of  latitude,  and  therefoic  then  diffeience  JSM9  will  be  the  equation  of 
latitudes  being  the  difference  of  the  distances  of  the  moon  horn  the  tuic  and 
mean  pole*  Diaw  DB  pcipeadiculai  to  AD,  md  it  must  pass  thiongh  the 
nodes,  theiefoie  LDB  i&thc  moon's  distance  fiom  the  node,  oi  the  aigument  of 
latitude,  and  which  is  equal  to  ADM,  MDB  being  the  complement  of  each, 
also,  ADE  is  twice  the  distance  of  the  moon  fioui  the  sun  Now  JKM=fiD  x 


wn  EDM—JSDxim  ADh,~ADM,  that  is,  the  equation  oj  the  moon'<>  latt 
tude  i?  8.'  48"  multiplied  by  ilie  we  of  double  the  distance  oj  the  moon  fiom  the  wn^- 
tfo  argument  oj  latitude  TYCIIO,  and  aftci  him  FL  \MSTLAD,  HAI  1  1-  Y,  Ni  WTON, 
&c  coneideiod  the  equations  of  the  nodes  and  inclination  sepaiatcl) 
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Elements  of  the  Theonj  of  the  Moon  acco?  dmg  to  Olsu  nation 


(TCrpuR  ind  HORROV 

Secular  motion  foi      NIAVION,  FLAMSTEAD,  ind 
100   yeais,  of  which  •<  CASSINI         - 


25  aie  bissextile^ 


Seculai  motion  of 
the  Apogee 


Scculai  motion  oi 
the  Node 


.  MAYFR,  (second  Tables) 
LM  de  LAMBRI 


.KEPLER         - 

IIoimo\  _ 

CASSINI         - 
.FLAMSTEAD,  HALITE,  nnd  MA\ER 

/-  KEPLER  and  HOKHO\ 

J  FLAMSITAD  ind  HALIT\ 

j  CA^&INI         - 

^  MAYJ  u         -        -         -         - 


10s 

10 
10 
10 
10 


r  48'  51" 

7  50   25 

7  1-9    52 

7  53   35 

7  53    12 


3s    19°  14'  16" 

3     19  4  16 

19  U  16 

19  11  15 


3 
3 

4s 


14°  11'  7" 

14  1J  15 

14  11  15 

14  11  15 


Epoch  of  the  mean 
longitude  of  the  moon 
for  1750 


FR 

HORR05t 


Epoch  of  the  lon- 
gitude of  the  Apogee  •<; 
for  1750 


CASSIM 

MAYIP  (second  Tables) 
MASON         - 
-M  de  LAMBRI 

KEPLER 

HORROX 

FLAMSIEAD  and  HALLE\ 

CASSINI 
MAYER        - 

MASON        - 


<»'    8°   1ft  54" 

6-8  IT  54 

6     8  gl   24 

G     8  20     0 

6     8  32  §4 

6      8  22  21 

6     8  22  20 

5s    21°  30'  36" 

5     20  30    36 

5     20  58    55 

^     SI  1    24 

5     c^0  55    54 

r>     20  54    56 
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Epoch  of  the 
Longitude  of  the 
Node  for  1750 


Mean  Equation 

/•ji       A  l.  j. 

of  the  Dibit 


"KlPLER 
HfPROX 
FlAMSirAD 

HAITI  Y 

CASSINI 


MASON 


-S   D  ALFMBrRTL 

)  _ 

I   ClAIRAUI 


9    10  15  1* 

9    10  14  W 

9    10  13  58 

9    10  18  7 

9    10  19  b 

9    10  19  59 

6°  18'  iT 

6  18  18 

6  18  4'i 

-    6  18  1 

6  Ib  32 


qfthe  Moon,  of  its  slpogee  and  Node,  as  detu  mined  by 
M  cle  la  LANDE 


Tropical  i  evolution 
Sidereal  revolution 
Synodic  revolution 
Anomalistic  revolution    - 
Revolution  in  icspect  to  the  node 
Tropical  i  evolution  of  the  apogee 
Sideieal  i  evolution  of  the  apogee 
Tiopical  i  evolution  of  the  node 
Sideieal  re\olution  of  the  node 
Diurnal  motion  of  the  moon  \ 
m  xespect  to  the  equinox  ) 
Diurnal  motion  of  the  apogee 
Diurnal  motion  of  the  node 


27d     7h  43'     4",6795 

27      7    43  11,5259 
29    12    44      2,  8283 

27    13    18  33,  9499 

-       27      5      5  35,  60S 

8y  311      8    34  57,  6177 

8    312    11     11  39,4089 

18    228      4    52  52,0296 

18    223      7    13  17,  744 

13°  10'  35",02784394 

0      6  41,069815195 

-      0      3  1O,  638603696 


The  years  here  taken  aie  the  common  years  of  365  diys 


According  to  PTOLEMY,  the  mean  annual  motion  of  the  moon  is  4s  9°  22' 
46",  and  the  diurnal  motion  13°  10'  34"  58'",  the  mean  annual  motion  of  the 
nodes  in  antecedents  is  19°  20'  0"  58"',  indtht;  diuinal  motion  3'  10"  41;",25, 
the  mean  annual  motion  of  the  apogee  is  40°  89'  35",75,  and  the  duunal  mo- 
tion 6'  41"  2"'S25 ,  and  the  time  of  a  mean  synodic  i  evolution  is  29rf  I3h  5' 
S9"  If  the  reader  viH  compaie  these,  with  oui  present  lahles,  he  will  be 
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f>ui prised  at  then  accuracy,  and  if  he  considei  also  that  PTOLEMY  discoveied 
the  two  fiist  iiiegulanties.,  the  lunai  motions  will  be  found  to  have  been  known 
to  a  veiy  considerable  degree  of  accuracy,  near  2000  yeais  ago 

On  the  Acceleration  of  the  Moon's  Motion 

356  Di    HALLEY,  by  compaung  the  ancient  eclipses  obseived  at  Babylon, 
with  those  observed  by  ALBATEGNIUS  in  the  ninth  centtny,  and  with  those  ob- 
seived in  his  own  time,  discoveied  the  mean  motion  ol  the  moon  to  be  accele- 
lated  ,  and  says,  that  he  could  have  found  out  the  quantity  ol  acceleiation,  if 
he  had  had  the  longitude  of  Bagdat,  Alcxandna  and  Aleppo  ,  because  m,  or 
neai  these  places,  the  obseivations  weie  made,  for  it  is  necessaiy  to  know  their 
longitudes,  in  order  to  leduce  the  tunes,  to  those  undei  the  meudian  in  which 
the  modem  obseivations  are  made    In  the  Phil  Trans   1749,  Mi  DUNTHOBNE 
has  examined  some  ancient  eclipses  obseived  undei  known  meridians,  and  de- 
termined what  the  acceleiation  is      The  eclipses  which  he  has  chosen  foi  this 
purpose  aie  these 

357  An  eclipse  of  the  sun  was  obseived  at  Alexandna,  by  THEON,  m  the 
yeai  364,  on  June  16,  the  beginning  was  in  the  afternoon  at  3h   18',  and  the 
end  at  5h  15'      In  the}eai  977,  an  eclipse  of  the  sun  was  obseived,  at  Giand 
Cano,  on  Decembei  13 ,  the  beginning  was  at  Bh  25',  and  the  cud  at  10k  45', 
appaient  time,  in  the  moimng,  and  the  digits  eclipsed  •wcie  8  ,  also,  the  sun's 
altitude  at  the  beginning  was  15°  43',  and  at  the  end  33°-$      In  the  year  978, 
at  the  same  place.,  the  sun  was  observed  to  be  eclipsed  on  June  8  ,  the  begin- 
ning was  at  2A    Si',  and  the  end  at  4k  50',  appa/  efi*JJ»e,  in  the  afternoon 

*>   •*   j  \        ^Jp  rfT 

Mr  DUNTHORNE  then  computed  the  distance  of  the  fiotn  the  sun  m  lon- 

gitude, at  the  beginning  of  each  eclipse,  fiom  the  above  data ,  he  also  com- 
puted their  distance  at  that  time  fiom  the  Tables  of  the  sun's  and  moon's 
motion,  and  found  that  at  the  beginning  of  the  fust  eclipse,  the  Tables  gave 
the  diffeience  of  the  sun's  and  moon's  places  less  than  that  deduced  fiom  the 
obseivation  by  4'  16',  m  the  second  eclipse  it  was  gieatu.  by  7'  36",  and  in 
the  third,  greatei  by  8  45"  the  computed  places  it  the  two  last  eclipses  being 
so  muph  before  the  observed  places,  but  at  the  fiist  eclipse  the  computed  place 
was  bo  much  behind  The  agreement  of  the  two  last  shows,  that  the  Tables 
repiesent  the  mean  motion  of  the  moon's  apogee  very  well  foi  above  700  years, 
the  moon  having  been  veiy  neai  its  perigee  at  the  time  of  one  of  those  eclipses, 
anil  neai  its  apogee  at  the  time  of  the  othei  Now  HIPPARCXIUS  mentions  an 
eclipse  observed  at  Babylon,  which  happened  on  December  22,  in  the  year 
313  before  T  C  when  a  small  part  of  the  moon  was  eclipsed  on  the  north  east, 
half  an  1  om  before  the  end  of  the  night,  and  the  moon  <3et  eclipsed , 


OJST  THL  MOON'S  MorioN  FPOM  OBSEHVAUON 

Mi    DUNTHORNL,  fioiii  his  Tables,  mikes  the  middle  of  it  at  9h  4'appuenl 
time,  and  the  dmatioii  lh  37',  PIOLLMY  makes  it  ih  30'  neaily     Hence,  the 
beginning,  according  to  Mi  DtwiHoM/s  calculation,  \vas  about  8/1   15'  oftei 
midnight     But,  accoiding  to  PTOLLMY,  the  sun  lose  at  7/1    12',  and  as  the 
moon  had  then  south  latitude,  and  was  not  quite  come  to  the  sun's  opposition 
its  appaient  setting  must  have  been  a  little  soonci,  tint  is,  abo^e  an  horn  be' 
foie  the, beginning  of  the  eclipse,  accoiding  to  his  Tables,  wheieas  the  moon 
was  seSett  eclipsed  some  tbtoe  befoie  its  setting,  winch  pioves  that  its  tiuc  place 
was  the*  fihwaidef  than  the  Tables  make  it,  by  40'  01  50'     In  the  }  cu  201 
before  J   C    on  Septembei  22,  an  eclipse  was  obseived  at  Alexandra,  when 
the  moon  began  to  be  eclipsed  about  half  an  horn  befoie  its  rising,  and  ended 
about  tyi  m  the  m&inmg     Now  by  the  Tables,  the  middle  of  the  eclipse  was 
at  Vi  44  appaient  time,  and  the  dui  ition,  J//  4',  \vhich  makes  the  beginning  at 
6/1    12,  01  about  10'  aftei  the  moon  i  osc,   md  consequently  40'  ifta  the  lime 
byobseivition,  which  makes  the  moon's  tuic  place  ioiwaidei  than  by  the 
Tables,  by  about  20'     In  the  ycai  721  bdoie  J  C  on  Much  19,  an  eclipse 
was  obseived  at  Babylon,  the  middle  of  which,  by  the  Tables,  wis  at  10//  2$ 
appaient  time,  and  the  beginning  was  at  8/z  32',  but  the  beginning,  by  obsei 
ration,  was  at  eh    46',  01  lh   46'  soonei  than  by  the  Tables ,  thcicioic  the 
moon  s  Hue  place  picceded  its  place  by  the  Tables,  by  a  little  moie  tiian  50' 
Hence,  as  the  same  Tables  tcfciesont  tlie  moon's  pi  ice  m  the  ancient  eclipses 
behind  its  tiue  place,  and  in  the  two  acHpses  observed  in  077  and  978  befit  t 
it,  it  follows  that  its  mean  motion  m  ancient  times  was  slowei,  and  in  lattei 
times  quickei  than  tlie  Tables  give,  and  thcicfoie  it  must  have  been  aecclciatcd 
Theie  must  also  have  been  i  time  when  the  Tables  would  give  the  true  pi  ice 
And  although  the  ancient  obseivitions  oi  tlie  times  of  the  eclipses  woic  not  vciy 
aceuiatc,  yet  they  wei6  sufficiently  so  to  piove,  beyond  all  doubt,  that  the 
moon's  nation  is  gieater  at  this  time,  tlvin  it  was  at  the  times  when  the  ancient 
eclipses  were  obseived 

358  As  we  have  no  data  to  dcteimmo  diiectly  what  tins  acceleration  is,  and 
at  what  point  of  tune  the  moon's  place  from  the  Tables  would  agiec  nuih  its 
tine  place,  we  must  make  a  opposition  foi  each,  and  then  compute  the  enors 
of  the  Tables,  and  sec  how  they  agice  With  the  above  errois ,  and  th  it  suppose 
HOT  which,  upon  the  whole,  agices  best,  must  give  the  acccleiation  the  most 
to  be  depended  upon,  and  probably  neai  the  tiuth  Now  whatcvei  be  the 
cause  of  this  accelciation,  it  K  vciy  piobablc  that  it  continues  const  mt,  01  vciy 
nearly  so,  and  theiefoie  the  quantity  of  accelciation  will  vaiy  is  the  squaic  of 
the  tune  Upon  this  pimciple,  if  we  suppose  the  Tables  to  give  the  true  place 
of  the  moon  at  the  year  700,  and  the  accelciation  to  be  10"  foi  the  first  100 
years  fiom  that  time,  it  will  $ive  results  agieemg  bcttei  with  the  obscnations 
than  any  othei  suppositt<Jn.  These  results  may  be  thus  computed  The  quaa- 
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tity  oi  acceleration  at  the  beginning  of  the  successive  centimes  fiom  700  to 
1700  will  be,  10",  40",  90",  100",  250",  360",  490",  640",  810",  JOOO"      Now  as 
the  whole  acceleiation  m  these  10  centimes  ib  1000",  the  mean  acceleiation  ib 
100  m  a  yeii,  and  woujd  be,  in  the  above  jespective  centimes,  100"  20O" 
300    400"  500',  600",  700",  800",  900 ',    100O",  subtract  theiefoie  the  above 
actua  acceleiations  fiom  these  mean  ones  which  the  Tables  glve,  and  we  have 
1'  30*  2'  40",  3'   SO',  4'  0",  4'   10",  4'  0",  3'    30",   2'    4**,  1'  V<Xtf  fato 
cnoi  of  the  Tables  at  the  beginning  of  eveiy  centuiy  from  700  to  1700   show- 
ing how  much  the  Tables  give  the  place  too  foiwaid      If  we  go  dowUuds 
horn  700,  the  motion  will  be  diminished  at  the  same  «tc  of  10",  40"    90"  &c 
for  eveiy  centuiy,  wheieasoui  Tables  give,  t  inching  at  tbe  ,ate  of  200" 
200  ,  soo  ,  &c  theiefoie  the  eiiois  of  the  Tables  m\\  be  the  sums,of  jtfcese  re' 
specfave  quantities,  ox  1'  50",  4'  0",  6'  SO",  9'  2O",  12',  30",  if  fffltf  jatf.  24' 
£,28'   SO",  SS    20",  38'   30",  44'  0",  49't  50",  rt    6\  Rowing  £w  much  the 
IWesgive  the  place  too  backwaid  at  the  beginning  of  ^ach  centujy  fiom  the 
year  700  to  700  befoie  J  C     Hence,  the  following  Table 
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Yeirs 
befoi  i 

1  1101 

ot 

Yt  us 
liter 

Lrror 
of 

Years 
iltu 

If  n  or 
of 

Christ 

I  ibltS 

Chusi 

1  able  & 

Chnsl 

•700 

-  56'     6" 

0 

-19'  50" 

900 

+    Q'  40/j 

600 

—  49    50 

100 

-16      0 

1000 

+    3    SO 

500 

-44      0 

200 

-IS    30 

1100 

+    *      0 

-38    80 

soo 

-    9    20 

laoq 

^60 

-3S    20 

400 

-    6    SO 

1300 

+  4k    0 

2XX) 

-28    30 

500 

-40 

1400 

+    3    30 

100 

-24      0 

600 

-    1    50 

1500 

+    2    40 

•*   *• 

#    *   * 

700 

0      0 

1600 

+    1     SO 

*   #   # 

800 

+    1     30 

1700 

0      0 

If  we  oornpue  the  euros  of  the  Tables,  m  the  eclipses  above 
eeno^nlksTvble^eywmbefound  to  dlffci  nc?  JH 
expected  fiom  the  uncelu,nty  of  the  toes  of  the  echp.es,  and 
euoft .  wh«h  the  Tables  may  be  subject  to  at  dtfaent  Zes     The 
aons  theiefoie ,  nuke  the  secula.  vauaUon  10",  and  to  va,y  as  the  smme  of 
fame     M  de  la  LANDC,  fiom  the  echpses  m  977  and  978,  makes  It 
MATPK'S  Table? it  is  9',  beginning  fiom  1700  """{sw 

359   M  de  h  PLACE,  m  the  Mem   de  PAcad  Roy  des  Scum  for 
shown,  that  this  accele^on  of  the  moon',  motion  anses  ftoSe 
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sun  upon  the  moon,  combined  with  the  vauation  of  the  excentiicity  of  the 
eaith's  oibit  The  excentncity  of  the  eaith's  oibit  is,  at  piesent,  diminishing, 
and  thisaiisesfiom  the  action  of  the  planets  upon  the  eaith  The  majoi  ixis 
of  the  eaith's  oibit  is  not  ilteied  by  this,  but  the  excentncity  is  The  mean 
foice  of  the  sun  to  dilate  and  contiact  the  oibit  of  the  moon  depends  on  the 
squiie  of  the  excentncity  of  the  earth's  oibit  By  the  diminution  of  the  ex- 
centncity, the  moon's  B«W1  motion  is  acceleiated,  and  this  is  a  ciicumstancc 
which  takes  place  at  present  When  the  excentncity  is  come  to  its  minimum, 
the  acceleration  of  the  mean  motion  will  cease  ,  aftei  which  the  excentiicity 
will  inciease  and  the  moon's  mean  motion  will  be  letaided  This  theicfoie 
causes  a  seculai  equation  of  the  moon's  mean  motion,  the  ptiiod  of  which  is 
very  long  If  n  be  the  numbei  of  ccntuiies  fiorn  1700,  M  de  la  PLACL  his 
computed  die  seculai  equation  to  be  +  11",1S5 n"  +  0",4398?z3,  thishowevci  can- 
not be  tiue  whatevei  be  the  value  of  n9  because  the  acceluation  would  then 
continually  increase ,  but  it  may  be  extended  back  to  the  most  ancient  obser- 
vations of  the  moon,  and  foi  1000  01  1200  yeais  to  come,  without  iny  sensible 
error  M  de  LAMBRE,  fiom  companng  the  modem  obscivations  at  about  the 
distance  of  a  centuiy,  found  that  the  secuLu  mean  motion  of  the  moon  in  the 
last  Tables  of  MAYER  was  too  great  by  25" ,  and  that  the  place  of  the  moon,  cal- 
culated by  these  Tables,  ought  to  be  coirected  by  the  quantity  -  25  'n  +  2",1 35n* 
+0"  04398  n3  If  the  ancient  observations  of  the  moon  be  compaied  with  the 
places  calculated  by  MAYER'S  Tables  with  this  conection,  the  eirois  will  be 
compaiatively  veiy  small,  and  no  gieatei  than  what  might  anse  fiom  the  mic- 
cuiacy  of  then  obseivations  M  de  la  LANDE,  in  his  Tables  of  the  moon,  h  is 
thus  collected  MAYER'S  Tables  Hence,  it  appeals,  that  tli6  pie&ent  accclcia- 
tion  of  the  moon  is  nothing  inoie  than  an  equation,  the  period  of  which  is  very 
long ,  it  will  be  accelerated  and  letaided  by  the  samo  quantity,  and  thciefoie  if 
the  mean  motion  be  taken  foi  the  whole  time  of  acccleiation  01  ictaulation,  it 
will  be  found  nevei  to  vuy 

The  mean  motion  of  the  nodes  and  apogee  of  the  moon's  oibit  is  subject  to  a 
secular  equation  The  seculai  equation  of  the  nodes  is-2',784  n"  -0',0109D5  n\ 
which  being  negative  shows  that  it  is  to  be  applied  contiaiy  to  their  mean 
motion  This  secular  equation  is  ^  of  the  seculai  equation  of  the  mean  motion 
The  seculai  equation  of  the  apogee  is  \  of  the  seculai  equation  of  the  mean  mo- 
tion, and  is  theiefoie-l9;',486wl-0",07697n5f  Where  the  negative  sign  shows 
that  it  is  to  be  applied  contiaiy  to  its  meat*  motion  Hence,  all  the  megu- 
lanties  of  the  moon  are  but  so  many  equitions,  which  return  again  in  then  re- 
gular order,  and  the  same  is  shown  to  be  true  of  the  inegulanties  of  Jupitet 
and  Saturn,  also,  as  fye  major  axes  of  their  oibits  lemam  undistuibed,  it  is 
manifest  that  the  system  can  neverbe  d&ttoyed,  all  the  megulariues  being 
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nodical,  and  confined  to  such  small  limits  as  to  produce  no  inconvenience 
These  aie  circumstances  which  furnish  great  mattei  foi  oui  attention,  the  sta- 
bility of  the  system  shows  the  powei  and  wisdom  of  the  Framer 


On  the  Diameter  of  the  Moon 

360  The  diameter  of  the  moon  may  be  measmed,  at  the  time  of  its  full,  by 
a  miciometei  ,  01  it  may  be  measured  by  the  time  of  its  passing  ovei  the  verti- 
cal wire  of  a  tiansit  telescope ,  but  this  must  be  when  the  moon  passes  within  an 
hour  01  two  at  the  time  of  the  full,  before  the  visible  illumination  is  sensibly 
changed  fiom  a  cncle      To  find  the  diameter  by  the  tune  of  its  passage  over 
the  meiidian,  let  eT=the  horizontal  diameter  of  the  moon,  e=sec  of  its  decli- 
nation, and  w  =  the  length  of  a  lunar  day,  or  the  time  from  the  passage  of  the 
moon  ovei  the  meridian  on  the  day  we  calculate,  to  the  passage  over  the  men* 
dian  the  next  day     Then  (108)  cd"  is  the  moon's  diameter  in  right  ascension , 
hence,  360°    cd'    m    the  time  (t)  of  passing  the  meridian,  therefore,  <f  = 

360°  x  —     If  we  observe  the  time  when  the  limb  of  the  moon  comes  to  the 

cm 

meiidian,  we  can  find  the  time  when  the  centei  comes  to  it,  by  adding  to,  01 
subti  acting  fiom  the  time  when  the  firbt  or  second  limb  comes  to  the  meiidian, 
hall  the  time  of  the  passage  of  the  moon  ovei  the  meridian  The  time  m  which 
the  semidiametei  of  the  moon  passes  the  meiidian,  may  be  found  by  two  Tables, 
in  the  Tables  of  the  moon's  motion 

361  ALBATEGNIUS  made  the  diameter  of  the  moon  to  vary  from  29'   so" 
to  35'  20",  and  hence  the  mean  32'  25"    COPERNICUS  found  it  from  27'    34* 
to  35'    38",  and  theiefoie  the  mean  31'   36"     KEPLER  made  the  mean  dia- 
meter 31'    22"      M    de  la   HIRE  made  it  from  29'    30"  to  33'     30"      M 
CASSINI  made  it  from  29'    30"  to  33'    38"     M   de  la  LANDE,  fiom  his  own 
obseivations,    found  the  mean  diameter  to  be  31'   26",   the  extremes  from 
29'   22"  when  the  moon  is  in  apogee  and  conjunction,  and  33'   31"  when  in 
perigee  and  opposition     The  mean  diameter  here  taken  is  the  arithmetic 
mean  between  the  greatest  and  least  diameters,  the  diametei  at  the  mean  dis- 
tance is  31'   7"     Hence,  accoiding  to  the  theory  of  MAYER,  the  horizontal 
diameter  of  the  moon  at  any  time  is  31'   7"~l'    42",3  cos    anom    +  5"  4 
cos    2  anom    + 13",7  cos  2  dist   t  from  Q— 20",2  cos   (2  dist    o.  fiom  o  — 
anom  €  ) 

362  When  the  moon  is  at  different  altitudes  above  the  horizon,  it  is  at 
different  distances  fiom  the  spectator,  and  theiefoie  theie  is  a  change  of  the 
apparent  diameteu    Let  C  be  the  centei  of  the  earth,  A  the  place  of  a  spec-     TIG 
tator  on  its  suifaee,  Z  his  zenith,  M  the  moon,  then  sjn    CAM  or  ZAM       ^9 
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rvfr**         sv*jr         mr        OM  X  S1H     ZCM       .  _  , 

sin  ZCM     CM   AM—  -  7  \M  —  '          *  e  aPPaient  diametei  is  m- 

i         A    j  ^  i.  *  L  !  sm  Z^Af 

versely  as  its  distance,  hence,  the  apparent  diametei  vanes  as  —  /CM* 

being  supposed  constant     Now  in  the  honzon,  -  ^rvmay  be  consideicd 

sin 


as  equal  to  unity  ,  hence,  1        °  9  01  sin   ^^    sm   ^^'  01  cos 


ZCM9 

true  alt  (a)  cos  apparent  alt    (A*)       the  honzontal  diametei      the  diametei 
at  the  apparent  altitude  (J)     Hence,  the  honzontal  diametei     its  inciease 


cos  a    cos  A  —  cos  fl=:2  sin  ^fl  +  ^-4xsm  ^  a  —  ^  A,  thciefore  the  mcieasc 

of  the  semidiameter  =hor   semidiam    *  sin  j-fl  +  i^xsm  j-a-j  ^  ?   flom 

cos    a 

this  we  may  easily  construct  a  Table  of  the  increase  of  the  semidiameter  for 
any  hoii/ontal  semidiameter,  and  then  foi  any  othei  honzontal  scmidiametti, 
the  increase  will  vary  in  proportion 

368  Some  Astionomeis  have  thought,  that  m  finding  the  time  of  the  tiansit 
of  the  moon  ovci  the  mendian,  we  ought  to  take  the  appaicnt  diametei  instead 
of  that  seen  fiom  the  centei  of  the  caith  But  this,  as  M  de  la  LANDE  has. 
observed,  must  not  be,  foi  although  the  appaient  diametei  is  inci  eased  by  the 
moon  being  neaiei  to  the  spcctatoi,  yet  the  angulir  velocity  about  the  point 
wheie  the  spcctatoi  is  situated  is  mcieabed  m  the  same  latio,  the  angulir 
velocity  about  any  point,  and  the  apparent  diametei,  being  invciscly  as  the 
distance,  and  theicfoie  the  time  of  the  tiansit  is  the  same 

On  Hie  Phases  qf  the  Moon 

364,  By  Art  319  the  greatest  bieadth  of  the  visible  illuminated  part  of  the 

moon's  surface  vanes  as  the  veised  sine  of  the  moon's  elongation  from  the  sun, 

very  nearly,  and  the  ciicle  teinunatmg  the  light  and  dark  pait  being  seen 

obliquely  will  appear  an  ellipse,  hence  the  following  delineation  of  the  phises 

Let  E  be  the  eaith,  S  the  sun,  Mthe  moon  ,  describe  the  uicle  abed,  icpie- 

senting  that  hemispheie  of  the  moon  which  is  towaids  the  earth  pi  ejected  upon 

a  plane,  ac,  db  two  diameteis  peipendiculai  to  each  othei  ,  take  «?v=:the 

versed  sine  of  elongation  SEM9  and  desciibe  the  ellipse  avc,  and  (818,  319) 

adeoa  will  represent  the  visible  enlightened  pait  ,  which  will  be  horned  between 

conjunction  and  quadiatuieia,  bisected  at  quadratuies,  and  gibbous  between 

quadratures  and  opposition,  the  versed  sine  being  less  than  radius  in  the  fiist 

case,  equal  to  it  in  the  second,  andgreatei  in  the  thud   The  visible  enlightened 

part  vaiying  as  dv,  w&  have,  the  visible  enlightened  pat  t     whole       versed 

of  elongation    diameter 
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On  the  Libration  of  the  Moon 

365  Many  Astionomeis  have  given  maps  of  the  face  of  the  moon ,  but  the 
most  celebrated  are  those  of  HEVELIUS  in  his  Setenographta,  in  which,  he  has 
repiesented  the  appearance  of  the  moon  m  its  different  states  fiom  the  new  to 
the  full,  and  from  the  full  to  the  new ,  these  figures  MAYER  prefers  Figure  81 
represents  the  face  of  the  moon  m  its  mean  state  of  libration,  as  shown  by  the 
best  telescopes  LANGRENUS  and  RICCIOLUS  denoted  the  spots  upon  the  surface 
by  the  names  of  philosophers,  mathematicians,  and  other  celebrated  men, 
giving  the  names  of  the  most  celebrated  characters  to  the  largest  spots, 
HEVELIUS  maiked  them  with  the  geographical  names  of  places  upon  the  earth' 
The  former  distinction  is  now  geneially  followed,  and  is  that  which  we  have 
here  given  The  numbeis  m  the  figuie  represent,  nearly,  the  order  m  which 
the  spots  aie  eclipsed,  going  from  the  east  to  the  west 

1  Gnmaldus 

2  Galileus 

3  Aiibtaichus 

4  Kepleius 

5  Gassendus 

6  Schikardus 

7  Haipolus 

8  Herachdes 

9  Lansbeigms 

10  Reinoldus 

1 1  Copernicus 

1 2  Helicon 

13  Cap  u  anus 

14  Bulhaldus 

15  Eidtosthenes 

1 6  Tnnocharis 

17  Plato 

18  Aichimedes 

19  Insulasmto  Medn 

20  Pitatus 

21  Tycho 

22  Eudoxus 

23  Anstoteles 

24  Mamlius 


25  Menelaus 

26  Hermes 

27  Possidomus 

28  Dionysius 

29  Plimus 

30  Theophilus 

31  Fracastorius 

32  Promontormm  Acutum,  Censormus 

33  Messala 

34  Promontonum  Somiui 

35  Proclus 

36  Cleomedeb 

37  Snellms 

38  Petavms 

39  Langrenus 

40  Taruntms 

A  Mare  Humorum 

B  Mare  Nubium 

C  Mare  Imbnum 

D  Mare  Nectans 

JE  Mare  Tranquillitatis 

F  Mare  Seremtatis 

6f  Mare  Faecunditatis 

H  Mare  Cnsmni 


WQf. 
81 
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The  spots  upon  the  moon  aie  caused  by  the  mountains  and  valhes  upon  its 
surface,  foi  ceitain  paits  are  found  to  pioject  shadows  opposite  to  the  sun,  and 
when  the  sun  becomes  vertical  to  any  of  them,  they  aie  obseived  to  have  no 
shadow,  these  theiefoic  die  mountains,  othei  paits  aie  ilways  daik  on  that 
side  next  the  sun,  and  illuminated  on  the  opposite  side,  these  theiefoie  aie 
cavities,.  Hence,  the  appeal  into  of  the  face  of  the  moon  continually  vanes, 
fiom  its  altering  its.  situation  in  lespect  to  the  sun  The  tops  of  the  moun- 
tains, on.  the  daiL,  pait  of  the  moon,  aie  frequently  seen  enlightened  at  a  dis- 
tance ftflo»  the  confines  of  the  illuminated  pait  The  daik  paits  have,  by  some, 
been  thought  to  be  seas ,  and  by  otkeis,  to  be  only  a  gieat  numbei  of  caveins 
and  pits,  the  daik  sides  of  which,  next  to  the  sun,  would  cause  those  places 
to  appear  daikei  than  otheis  The  gieat  iiiegulanty  of  the  line  bounding  the 
light  and  daik  pait,  on  eveiy  pait  of  the  suiface,  pioves  that  there  can  be  no 
veiy  laigc  tiacts  of  witei,  as  such  a  jegulai  suiface  would  necessanly  pioduce 
a  line,  teimmating  the  bnght  pait,  pcifcctly  fiee  fiom  all  iiiegulanty  If 
there  was  much  water  upon  its  suiface,  and  an  atmospheic,  is  conjectmcd 
(377)  by  some  Astionomers,  the  clouds  and  vapoms  might  easily  be  discoveicd 
by  the  telescopes  which  we  have  now  m  use ,  but  no  such  phenomena  have 
evei  been  obseived 

366   Veiy  neaily  the  same  i&cc  of  the  moon  is  always  turned  towards  the 
earth,  it  being  subject  only  to  a  small  change  within  ceitain  limits,  those  spots 
which  lie  neai  the  edge  appearing  and  disappeanng  by  tuins ,  this  is  called  its 
Librabon,  and  aiises  fiom  fom  causes      1    GALILEO,  who  fust  obseived  the 
spots  oi  the  moon  after  the  invention  of  telescopes,  discovcicd  this  cncum 
stance,  he  puccivcd  a  small  daily  vamtion  ansing  fioin  the  motion  of  the 
spectatoj  about  the  centci  of  the  eaith,  which,  fiom  the  using  to  the  betting  of 
the  moon,  would  cause  a  little  of  the  wcstcin  limb  of  the  moon  to  disappear, 
and  bring  into  view  a  little  of  the  eastern  limb ,  this  is  colled  the  diurnal  libia- 
tion     2    He  obseived  likewise,  thatthenoith  and  south  poles  of  the  moon 
appeared  and  disappeared  by  turns,    this  auses  fiom  the  ixis  of  the  moon  not 
being  peipendiculai  to  the  plane  of   its  orbit,  and  is  called  a  libiation  in 
latitude    3  From  the  unequal  angulai  motion  of  the  moon  about  the  eaith,  and 
the  uniform  motion  of  the  moon  about  its  aias,    a  little  of  the  eastern  and 
western  parts  must  gradually  appeal  and  disappeai  by  tuins,  the  period  of 
which  is  a  month,  and  this  is  called  a  hbiation  in  longitude  ;  the  cause  of 
this  hbiation  was  fust  assigned  by  RICCIOLUS,  but  he  aftei  wauls  gave  it  up,  as 
he  made  many  obscivalioas  which  tins  supposition  would  not  satisfy    HFVELIUS 
however  found  that  it  would  solve  all  the  phenomena  of  this  hbration     4 
Anothei  cause  of  hbiatiw  arises  fiom  the  attraction  of  the  eaith  upon  the 
moon,  in  consequence  of  its  spheroidical  figure 
367   If  the  angular  velocity  of  the  moon  about  its  axis  weie  equal  to  its 
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•angular  motion  about  the  eaith,  the  libration  in  longitude  would  not  take  place, 
For  if  E  be  the  eaith,  abed  the  moon  at  »  and  w,  and  avc  be  perpendicular  to     FIG 
Ebvdf  then  abc  is  that  hemispheie  of  the  moon  at  v  next  to  the  eaith      When      82 
the  moon  comes  to  w,  if  it  did  not  i  evolve  about  its  axis,  bwd  would  be  paiallel 
to  bvd,  and  the  same  face  would  not  be  towaids  the  eaith      But  if  the  moon9 
by  revolving  about  its  axis  in  the  diiection  abed,  had  bi  ought  b  into  the  line 
JStv9  the  same  face  would  have  been  towaids  the  eaith,  and  the  moon  would 
have  revolved  about  its  axis  through  the  angle  bwE,  which  is  equal  to  the 
alternate  angle  wEc,  the  angle  which  the  moon  has  descubed  about  the  earth 

368  When  the  moon  letuins  to  the  same  point  of  its  oibit,  the  same  face  is 
obseived  to  be  towards  the  eaith,  andtheiefoie  (367)  the  time  of  the  revolution 
in  its  01  bit  is  equal  to  the  time  about  its  axis      But  in  the  mtei  mediate  points 
it  varies,  sometimes  a  little  moie  to  the  east,    and  sometimes  to  the  west, 
becomes  visible ,  and  this  arises  fiom  its  angular  motion  about  the  eaith  being 
not  umfoim,   whilst  the  angular  motion  about    its  axis  is  so      Hence,   the 
libration  in  longitude  is  nearly  equal  to  the  equation  of  the  orbit,  01  about  7°|  at 
its  maximum,  and  would  be  accurately  so,  if  the  axis  of  the  moon  were  perpen- 
diculai  to  its  oibit      The  same  face  will  be  towards  the  eaith  in  apogee  and 
pengee,  for  at  those  points  theie  is  no  equation  ol  the  oibit      If  E  be  the     FIG 
earth,  M  the  moon,  pq  its  axis,  not  peipendiculai  to  the  plane  of  the  orbit       83 
ab,  then  at  a  the  pole  p  will  be  visible  to  the  eaith,  ind  at  b  the  pole  q  will  be 
visible ,  as  the  moon  therefoie  i  evolves  about  the  earth,  the  poles  must  appear 

and  disappeai  by  turns,  causing  the  libiation  m  latitude   This  is  exactly  similar 
to  the  cause  of  the  vaiiety  of  our  seasons,  from  the  eaith's  axis  not  being  per- 
pendicular to  the  plane  of  its  orbit      Hence,  nearly  one  half  of  the  moon  is 
never  visible  at  the  eaith      Also,  the  time  of  its  rotation  about  its  axis  being 
a  month,  the  length  of  the  lunai  days  and  nights  will  be  about  a  fortnight  each, 
they  being  subject  but  to  a  veiy  small  change,  on  account  of  the  axis  of  the       f 
moon  being  neaily  peipendicular  to  the  ecliptic      Her  libration  in  latitude  i|' 
about  10° 

369  IlEVELiirs  (Selenogr aplm,  pag    245  )  obseived,  that  when  the  moon 
was  at  its  greatest  noith  latitude,  the  libration  in  latitude  was  the  grealftst,  the 
spots  which  are  situated  neai  to  the  noithern  limb  being  then  nearest  to  it,  and 
as  the  moon  departed  fiom  thence,  the  spots  recedpd  from  that  limb,  and  when 
the  moon  came  to  its  greatest  south  latitude,  the  spots  situated  neai  the 
southern  limb  weie  then  neaiest  to  it      This  variation  he  found  to  be  about 
l'    45",  the  dumetei  of  the  moon  being  30'      Hence  it  follows,  that  when 
the  moon  is  at  its   greatest  latitude,  a  plane  drawn  through  the  earth  and 
moon  peipendicular  to  the  plane  of  the  moon's  orbit,  passes  through  ^the  axis 
of  the  moon,  consequently  the  equator  of  the  moon  must  intersect  the  ecliptic 
in  a  Imc  paialltl  to  the  line  of  the  nodes  of  the  moon's  oibit,  and  therefore,  in 
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the  Heavens,  the  nodes  of  the  moon's  orbit  and  of  its  equatoi  coincide ,  and 
this  will  be  further  confirmed,  when  we  treat  on  the  situation  of  the  moon's 
equatoi  and  axis 

S70  It  is  a  very  extiaordinary  cucumstance,  that  the  time  of  the  moon's  le- 
volution  about  its  axis  should  be  equal  to  that  in  its  oibit  Su  I  NEWTON,  from 
the  altitude  of  the  tides  on  the  earth,  has  computed  that  the  altitude  of  the  tides 
on  the  moon's  surface  must  be  93  feet,  and  therefore  the  diamctei  of  the  moon 
perpendiculai  to  a  hue  drawn  from  the  eaith  to  the  moon,  ought  to  be  less  than 
the  diameter  directed  to  the  earth,  by  186  feetj  hence,  says  he,  the  same  face 
must  always  be  towards  the  earth,  except  a  small  oscillation ,  foi  if  the  longest 
diameter  should  get  a  little  out  of  that  diiection,  it  would  be  brought  into  it 
again,  by  the  atti action  of  the  earth  The  supposition  of  D  de  MAIRAN  is,  that 
that  hemispheie  of  the  moon  next  the  eaith  is  moie  dense  than  the  opposite 
one,  and  hence  the  same  face  would  be  kept  towaids  the  eaith,  upon  the  same 
principle  as  above  M  de  la  GEANGE,  in  the  Mem  del'Acad  des  Scien  1780, 
has  examined  this  subject  veiy  fully,  and  shown,  that  fiom  the  attiaction  of  the 
earth,  that  diameter  of  tihe  moon's  equator  which  is  dnected  towaids  the  earth, 
will  be  lengthened  four  times  moie  than  that  which  is  perpendicular  to  it  If  h 
be  the  semidiamctei  of  the  moon  in  paits  of  its  mean  distance  fiom  the  eaith,  m 
the  quantity  of  mattei  m  the  moon  expiessed  m  paits  of  that  of  the  eaith,  he 

has  shown  that  the  increase  of  the  semidiametcis  will  be  ™!  and  —    the  ladius 

m         4m 
being  unity 

371  Su  I  NEWTON  pi  oposes  the  following  method  of  icpiesenting  the  li- 
biation  of  the  moon  in  latitude  and  longitude  Take  a  common  globe,  and 
elevate  the  pole  to  the  zenith,  so  that  the  equator  may  coincide  with  the  hon. 
zon,  and  let  the  ecliptic  rcpiescnt  the  moon's  oibit  Conceive  the  centei  of 
this  globe  to  lepresent  the  place  of  the  eaith,  and  the  smface  of  the  globe  the 
tphere  in  which  the  moon  i  evolves  Take  two  small  sphcies,  having  each  a 
meridian,  and  suspend  each  by  a  stung  fiom  one  o£  its  poles  Let  one  of  these 
represent  a  fictitious  moon  earned  uniformly  lound  the  eaith,  having  its  equator 
coinciding  with  the  hoiizon  of  the  globe,  and  i evolving  uniformly  about  its 
axis  m  the  same  time  in  which  it  i  evolves  about  the  eaith  ,  then  the  same  me- 
ridian of  the  moon  will  always  pass  thiough  the  earth,  and  the  moon  would  not 
be  subject  to  any  hbiation  Let  the  other  sphere,  representing  the  tiuc  moon, 
be  earned  in  the  ecliptic  with  its  proper  angulai  motion  about  the  earth,  having 
its  axis  and  meridian  paiallel  to  those  of  the  other  moon  Then  as  the  true 
moon  moves  from  the  perigee  to  its  apogee,  preceding  the  fictitious  moon,  the 
meridian  will  appear  towaids  the  left  of  its  disc,  and  the  spots  will  appeal  to 
move  towards  the  east,  by  as  many  degrees  as  there  are  between  the  longitudes 
of  the  true  and  fictitious  moons,  or  by  the  equation  of  the  orbit ,  when  the 
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moon  moves  fiom  apogee  to  pengee,  the  mendian  of  the  tuie  moon  will  appear 
towards  the  right  of  the  disc,  and  the  spots  will  appear  to  move  towards  the 
west,  thus  repiesentmg  the  libiition  in  longitude  When  the  tiue  moon 
moves  fiom  its  ascending  node  to  its  greatest  north  Utitude,  the  noithpole  of 
the  moon  will  disappear,  and  the  south  pole,  with  the  spots  about  it,  will  come 
into  view,  and  as  the  moon  leaves  this  northern  limit,  they  will  begin  to  disap- 
pear, and  when  the  moon  has  leached  itsgieatest  sotithein  latitude,  the  noithem 
pole,  with  the  spots  about  it,  will  be  bi ought  into  view,  and  appear  farthest 
upon  its  disc  ,  thus  repiesentmg  the  libiation  in  longitude.  NICOLAI  MERC  A- 
TOEIS,  Institut  Astron  pag  286 

372  When  the  moon  is  about  thiee  days  fiom  the  new,  the  daik  pait  is  very 
visible,  by  the  light  leflectedfiom  the  eaith,  which  is  moon  light  to  the  Lunan- 
ans,  considering  oui  eaith  as  a  moon  to  them ,  and  in  the  most  favourable  state, 
some  of  the  principal  spots  may  be  seen  But  when  the  moon  gets  into  qua- 
diatures,  its  great  light  then  pievents  the  dark  part  fiom  being  visible  Ac- 
cording to  Di  SMITH,  the  stiength  of  moon  light,  at  the  full  moon,  is  90  thou- 
sand times  less  than  the  light  of  the  sun ,  but  fiom  some  expenments  of  M 
BOUGUER,  he  concluded  it  to  be  300  thousand  times  less  The  light  of  the 
moon,  condensed  by  the  best  mniois,  pioduccs  no  sensible  effect  upon  the  thei- 
mometer  Om  eaith,  in  the  course  of  a  month,  shows  the  same  phases  to  the 
Lunanans,  as  the  moon  does  to  us  ,  the  eaith  is  at  the  full  at  the  time  of  the 
new  moon,  and  at  the  new  at  the  time  of  the  full  moon  The  suiface  of  the 
eaith  being  about  13  times  gi eater  than  that  of  the  moon,  it  affords  13  times 
moie  light  to  the  moon  than  the  moon  does  to  the  eaith  To  a  Lunanan,  the 
euth  appeals  nearly  fixed  in  respect  to  his  horizon 
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373    The  method  used  by  HEVELIUS,  and  otheis  since  his  time,  to  determine 
the  height  of  a  lunar  mountain  is  this     Let  bLM  be  a  ray  of  light  ftojn  the      TIG 
sun,  passing  by  the  moon  at  i,  and  touching  the  top  of  the  mountain  at  M ,      84 
then  the  space  between  L  and  M  appeals  daik      With  a  micrometei,  measure 
LM,  and  compare  it  with  LC ,  then  knowing  LC,  we  know  LM,  and  by  Euc 
B   1   P  47   CM=</CL*+LM*  is  known ,  fiom  which  subtract  dp,  and  we 
get  the  height  pM  of  the  mountain      But,  as  Di   HERSCHLL  obseives  in  the 
Phil  Trans  1781,  this  method  will  only  do  when  the  moon  is  m  quadiatmes, 
he  his  therefoie  given  the  following  general  method     Let  E  be  the  earth,      rIG 
diaw  E  Mn,  and  Zo,  perpendicuhi  to  the  moon's  ladius  RC,  and  Lr  paiallel  to      85 
ow,  also  ME'  peipendicuhi  to  SM     Now  ML  would  measure  it&  full  length 
when  been  from  the  eaith  m  qaadiatuies  at  E',  but  seen  from  $,  it  only  measures 
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the  length  of  Lr  As  the  plane  passing  thiough  SM,  EM,  is  peipendicular  to 
a  line  joining  the  cusps,  the  circle  RLVmay  be  conceived  to  be  a  section  of 
the  moon  perpendiculai  to  that  line  Now  it  is  manifest,  that  the  angle  SLo 
or  LCR9  is  veiy  neaily  equal  to  the  elongation  of  the  moon  fiom  the  sun  ,  and 


the  triangles  LrM,  LCo  being  similar,  Lo     LC    Lr    LM=-£  -  =  J«? 

JuO 

divided  by  the  sine  of  elongation,  ladius  being  unity     Hence  we  find  Mp  as 
before 

Ex  On  June  1780,  at  7  o'clock,  Di  HERSCHLI  found  the  angle  under  which 
LM9  or  Lr,  appeared  to  be  40",625,  for  a  mountain  in  the  south  east  quadrant, 
and  the  sun's  distance  fiom  the  moon  was  125°  8',  whose  sine  is  ,8104,  hence, 
40",625  divided  by  ,8104  gives  50",  13,  the  angle  undei  which  LM  would  ap- 
peal, if  seen  directly  Now  the  semidiametei  of  the  moon  was  16'  2",6,  and 
taking  its  length  to  be  1090  miles,  we  have,  16'  2",6  50",13  1090  LM=> 
56,73  miles  ,  hence,  Afjpis  1,47  miles 

374  Dr  HEESCHEL  found  the  height  of  a  great  many  moie  mountains,  and 
thinks  he  has  good  reason  to  believe,  that  then  altitudes  are  greatly  ovenated  , 
and  that,  a  few  excepted,  they  gene?  ally  do  not  exceed  half  a  mile  He  ob- 
afrves,  that  it  should  be  examined  whether  the  mountain  stands  upon  level 
groaOjd,  which  is  necessaiy  that  the  measurement  may  be  exact  A  low  tiaci 
of  ground  between  the  mountain  and  the  sun  will  give  it  highei,  and  elevated 
places  between  will  make  it  lowei,  than  its  tiue  height  above  the  common  sm- 
face  of  the  moon 

FIG  37  £  The  hne  Lr  was  mcasuied  thus  1  Set  the  immoveable  hail  of  the 
86  miciomctei  paiillel  to  AB,  then  moving  the  othei  hail  paiallel  to  it  irom  L  to 
r,  it  gives  the  measure  undei  which  Lr  appears  Oi  2  Observe  some  spot 
near  to  L,  to  whibb  the  line  rL  is  directed  ,  or  take  a  view  of  the  shadow  of 
some  neighbouring  mountains,  either  of  these  will  indicate  a  hne  pcrpendiculai 
to  a  line  joining  the  cusps,  sufficiently  near  to  set  the  miciometei  by  The  last 
method  Dr  HEESCHEL  thinks  the  best  But  if  the  miciometer  be  famished  with. 
an  hair  perpendicular  to  the  moveable  wiie,  and  that  han  be  made  to  coincide 
with  Lr9  it  at  once  gives  the  position  of  the  micrometer 

376  On  April  19,  1787,  Dr  HEESCHEL  discoveied  three  votcanos  m  the 
<Jark  part  of  the  moon  ,  two  of  them  seemed  to  be  almost  extinct,  but  the  third 
showed  an  actual  eruption  of  fire,  or  luminous  matter,  resembling  a  small  piece 
of  burning  charcoal  coveied  by  a  veiy  thin  coat  of  white  ashes  ,  it  had  a  degree 
of  brightness  about  as  strong  as  that  with  which  such  a  coal  would  be  seen  to 
glow  in  faint  day  light  The  adjacent  pai  ts  of  the  volcanic  mountain  seemed 
feintly  illuminated  by  the  irruption  A  similar  irruption  appeared  on  May  4, 
178J3  JPhtl  Trans  1787  On  March  7,  1794,  a  few  minutes  befoie  8  o'clock 
in  the  evening,  Mr  WILKTNS  of  Norwich,  an  eminent  Architect,  obseivcd,  with 
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the  naked  eye,  a  veiy  blight  spot  upon  the  daik  pait  of  the  moon  ,  it  was  there 
when  he  fust  looked  at  the  moon  ,  the  whole  time  he  saw  it,  it  was  a  fixed, 
steady  light,  except  the  moment  befoie  it  disappeaied,  when  its  bnghtnebs  in- 
creased, he  conjectuies  that  he  saw  it  about  5  minutes  The  same  phse- 
nomenon  was  observed  by  Mi  T  STRETTON,  m  St  John's  Squaie,  Clakea- 
well,  London  Phil  Trans  1794  On  Apul  13,  1793,  and  on  Febiuary 
5,  1794,  M  PIAZZI,  Astionomei  Koyal  at  Palermo,  obsei^ed  i  bnght  spot 
upon  the  daik  pait  of  the  moon,  neai  Austarchus  Several  otliei  Astrono- 
meishave  obseived  the  same  phenomenon  See  the  Memoirs  dc  Berlin,  for 
1788 

377  It  has  been  a  doubt  amongst  Astionomei  s,  whcthei  the  moon  has  any 
atmospheie,  some  suspecting  that  at  an  occupation  of  a  fixed  stai  by  the  moon, 
the  stai  did  not  vanish  instantly,  but  lost  its  light  giadually  ,  whilst  others 
could  nevei  obseive  any  such  appeaiance*  M,  SCHROETER  of  Liliaathan,  m 
the  dutchy  of  Bremen,  has  endeavoured  to  establish  the  existence  of  an  atmo- 
sphere, fiom  the  following  obseivations  1  He  observed  the  moon  when  two 
days  and  a  half  old,  in  the  evening  soon  aftei  sun  set,  befoie  the  daik  pait  ^as 
visible  ,  and  continued  to  observe  it  till  it  became  visible  The  two  cusps  ap~ 
peaied  tapeimg  in  a  veiy  shaip,  faint,  piolongation,  eich  exhibiting  its  farthest 
extiemity  faintly  illuminated  by  the  solai  lays,  befoie  any  pait  of  the  dark 
hemispheie  was  visible  Soon  aftei,  the  whole  daik  limb  appealed  illuminated 
This  piolongation  of  the  cusps  beyond  the  semicncle,  he  thinks  must  anse 
fiom  the  refraction  of  the  sun's  lays  by  the  moon's  atmosphere  He  computes 
also  the  height  of  the  atmosphere,  which  refiacts  light  enough  into  its  daik 
hemisphere  to  produce  a  twilight,  moie  luminous  than  the  light  reflected  fiom 
the  eaith  when  the  moon  is  about  3%°  fiom  the  new,  to  be  1356  Pans  feet,  and 
that  the  gie  itest  height  capable  of  refi  acting  the  solai  lays  is  5376  feet  2  At 
an  occupation  of  Jupitei's  satellites  the  thud  disappeaied,  aftei  hiving  been 
about  l"oi  2'  of  time  indistinct,  the  fouith  became  indiscernible  neai  the  limb, 
this  was  not  obseived  of  the  othei  two  Phil  Trans  1792  If  theie  be  no  at- 
mospheie m  the  moon,  tile  Heavens,  to  a  Limaiian,  must  alwajs  appear  daik 
like  night,  and  the  stais  be  constantly  visible  ,  ioi  it  is  owing  to  the  lefl-ection 
and  refraction  of  the  sun's  light  by  the  atmospheie,  that  the  Heavens,  m  e\erv 
pait,  appeal  bnght  m  the  day  * 


On  the  Phenomenon  of  the  Hardest  Moon 

378    The  full  moon  *hich  happens  at,  or  neaiest  to,  the  autumnal  equinox 
ciUedlheHflWtfmoon,  and  at  that  time,  theie  is  a  less  difference  bc- 
\oi    i  i   e  * 
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tween  the  times  of  its  using  on  t^o  successive  nights,  than  at  any  other  full 
moon  in  the  yeai ,  and  ^\hat  we  heie  piopobe,  is  to  account  foi  this  pheno- 
menon 

flG  379  Let  P  be  the  noith  pole  of  the  equatoi  QA  U,  HAO  the  honzon,  EM 
87  the  ecliptic,  A  the  mst  point  of  Aiics,  then,  in  north  latitudes,  A  is  the  as- 
cending node  of  the  ecliptic  upon  the  equator,  AC  being  the  ordei  of  the  signs, 
and  AQ.  that  of  the  apparent  dimnal  motion  of  the  heavenly  bodies  "When 
Aues  uses  in  noith  latitudes,  the  ecliptic  makes  the  least  angle  with  the  hou- 
zon,  and  as  the  moon's  01  bit  makes  but  a  small  angle  \vith  the  ecliptic,  let  us 
hist  suppose  EAC  to  represent  the  moon's  01  bit  Let  A  be  the  place  of  the 
moon  at  its  using  on  one  night ,  now,  in  mean  solai  time,  the  eaith  makes  one 
revolution  in  23//  56'  4',  and  bungs  the  same  point  A  of  the  cquatoi  to  the 
hoi  i/on  ag  un ,  but  in  tli  it  tune,  let  the  moon  have  moved  in  its  oibit  fiom  A 
to  c,  and  diaw  the  puillel  of  declination  ten? ,  then  it  is  manifest,  tint  3'  56" 
beioie  the  mme  houi  the  next  night,  the  moon,  in  its  diurnal  motion,  his  to 
debcube  en  before  it  uses  Now  en  is  manifestly  the  least  possible,  when  the 
ingle  CAn  is  the  least,  Ac  being  given  Hence  it  rises  inoie  ncaily  at  the 
same  hour,  when  its  orbit  makes  the  least  angle  with  the  honzon  Now  at  the 
autumnal  eqiuno\,  when  the  sun  is  m  the  mst  point  of  Libia,  the  moon,  at 
that  time  of  its  full,  will  be  at  the  first  point  of  Aiies,  and  thcrefoie  it  uses  with 
the  least  duTeience  of  times,  on  two  successive  nights ,  and  it  being  at  the  time 
of  its  full,  it  is  moie  taken  notice  of,  foi  the  same  thing  happens  every  month 
when  the  moon  comes  to  Anes 

Ilitheito  we  have  supposed  the  ecliptic  to  repiesent  the  moon'h  oibit,  but  as 
the  oibit  is  inclined  to  it  at  an  angle  of  3°  9'  at  a  mean,  let  ^A%  icpiescnt  the 
moon's  01  bit  \\hen  the  asc ending  node  is  at  A,  and  Ar  the  arc  desuibed  in  a 
day ,  tiien  the  moon's,  oibit  making  the  least  possible  angle  with  the  honzon 
in  that  position  of  the  nodes,  the  aic  rn,  and  consequently  the  diffeience  of  the 
times  of  using,  will  be  the  least  possible  As  the  moon's  nodes  make  i  ievo« 
lution  in  about  19  yeais,  the  least  possible  difference  can  only  happen  once  in 
that  time  In  the  latitude  of  London  the  least  diffeience  is  about  17' 

380  The  ecliptic  makes  the  greatest  ingle  with  the  honzon  when  the  fiist 
point  of  Libia  uses,  consequently  when  the  moon  ism  that  part  of  its  oibit,  the 
diftcicnce  of  the  times  of  its  using  will  be  the  greatest,  and  if  the  descending 
node  of  its  orbit  be  thcie  at  the  same  time,  it  will  make  the  difference  the 
gieatest  possible,  and  tins  diffeience  is  about  ih  17'  in  the  latitude  of 
London  This  is  the  case  with  the  veinal  full  moons  Those  signs  which 
make  the  least  angle  with  the  hou/on  when  they  rise,  make  the  greatest  angle 
when  they  set,  and  vice  vexsA  ,  hence,  when  the  difference  of  the  times  of 
rising  is  the  least,  the  difference  of  the  times  of  setting  is  the  greatest,  and  the 
contiary 
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381  By  mcieasmg  the  latitude,  the  angle  rAn,  and  consequently  rn,  is  dimi- 
mshed,  and  when  the  time  of  descubing  rn,  by  the  diurnal  motion,  is  3'  56">  the 
moon  will  then  rise  at  the  same  solar  houi      Let  us  suppose  the  latitude  to  be 
mcieased  until  the  angle  *An  vanishes,  then  the  moon's  oibit  becomes  coinci- 
dent with  the  horizon,  eveiy  day,  for  a  moment  of  time,  and  consequently  the 
moon  rises  at  the  same  sidei  eal  houi  ,  or  3'  56"  sooner,  by  solai  time      Now  take 
a  globe,  and  elevate  the  north  pole  to  thi*  latitude,  and  maikmg  the  moon's 
orbit  m  this  position  upon  it,  turn  the  globe  about,  and  it  will  appeal,  that  at 
the  instant  after  the  above  coincidence,  one  half  of  the  moon's  oibit,  cones- 
ponding  to  Capncoin,  Aquarius,   Pisces,  Aues,  Taurus,  Gemini,  will  use, 
hence,  when  the  moon  is  going  thioiigh  that  part  of  its  oibit,  01  for  13  01  14 
days,  it  uses  at  the  same  sidereal  hop      Now  taking  the  angle  #4JS  =  $°    9' 
and  the  angle  ^Q  =  23°  28',  the  angle  QAx,  or  QAffwbea  the  moon's  orbit 
coincides  with  the  horizon,  is  28*  37  ,  hence,  the  latitude  Q^is  61°  23'  where 
these  cucumstances  take  place     If  the  descending  node  be  at  A,  then  QAx 
01  QAH=IS°  19',  and  the  latitude  is  71°   41'      In  any  othei  situation  of  the 
orbit,    the  latitude  will  be   between   these   limits      When    the    angle   QAx 
is  gicatei  than  the  complement  of  latitude,  the  moon  will  me  cveiy  day  soon- 
er by  sideieal  time      As  there  is  i  complete  evolution  of  the  nodes  in  about 
18  years  8  months,  all  the  vaneUcs  of  the  using  and  setting  of  tho  moon  must 
happen  within  that  time 

On  the  Hot  izontal  Moon 

382    The  phasmomenon  of  the  honzontal  moon  is  this,  that  it  appears  larger 
in  the  hoi  won  than  m  the  meudian  ,  whereas,  fiom  it*  being  nearer  to  us  m  the 
lattei  case  th  m  in  the  foimei,  it  subtends  a  greater  angle     GASSLNDUS  thought 
that,   is  the  moon  was  less  blight  in  the  honzon,  we  looked  at  it  there  with  a 
gieater  pupil  of  the  eye,  and  theiefoie  it  appealed  larger     But  this  is  contiiiy 
to  the  pnnciples  of  Optics,  the  image  of  an  object  upon  the  retina  not  depend- 
ing  upon  the  pupil     Tim  opinion  was  supported  by  a  Fiench  Abte,  who  sup- 
posed  that  the  opening  of  the  pupil  made  the  chrystallme  humoui  flattci,  and 
the  eye  longer,  and  thereby  mcieased  the  image      But  theie  is  no  connection 
between  the  muscles  of  the  ins  and  the  other  parts  of  the  eye,  to  pioduce  these 
effects     Des  CARTES  thought  that  the  moon  appeared  laigest  in  the  horizon 
because,  when  comparing  its  distance  ™th  the  intermediate  objects,  it  appealed 
then  furthest  off,  and  as  we  judge  its  distance  gieatest  in  that  situation    MC  oi 
coiuse  think  it  largei,  supposing  that  it  subtends  the  same  angle    'Ihis  opinion 
\vas  supported  by  Dr  WALLIS  m  the  P//*/  Ttans  N°   187      JDt   BFKKI  i  Y  ac 
counts  for  it  thus      Famtness  suggests  the  idea  of  greater  distance  ,  the  moon 
appearing  most  famt  in  the  hoiizon,  suggests  the  idea  of  gieatei  distance,  *md 
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supposing  the  visual  single  the  same,  that  must  suggest  the  idea  of  a  greater 
tangible  object     He  does  not  suppose  the  VMbfe  extension  to  be  greatei,  but 
that  the  idea  of  a  gieatei  tangible  e\tension  is  suggested,  by  the  alteiation  of 
the  appeal  once  of  the  visible  extension      He  says,  1    That  which  suggests  the 
idea  of  gieatei  magnitude,  must  be  something  peiceivcd  ,  foi  what  is  not  pei- 
ceived  can  pjoduce  no  effect     2   It  must  be  something  which  is  vanable,  be- 
cause the  moon  does  not  always-  appeal  of  the  same  magnitude  in  the  hori7on 
0«  &  cannot  he  jn  the  mtei  mediate  objects,  they  remaining  the  same  ,  also, 
when  these  objects  ai£  excluded  fiom  sight,  it  makes  no  alteiation     4    It  can- 
not be  the  viable  magnitude,  because  that  is  least  in  the  hoiizon  ,  the  cause 
theiefote  must  lie  in  the  viwble  appeal  ance,  which  pioceeds  fiom  the  gi  eater 
paucity  of  lays  coming  to  the  eye,  pioducmg  famtness     Mr    ROWNING  sup- 
po^es,  that  the  moon  appeals  fiutliest  fiom  us  in  the  hoiizon,  because  the  poition. 
of  the  sky  which  \vc  sec,  appear,  not  an  cntue  hemisphere,  but  only  a  poition 
of  one  ,  and  in  consequence  of  this,  we  judge  the  moon  to  be  fuithest  fiom  us 
ui  the  hoiizon,  and  theicfoic  to  be  then  laigcbt     Di    Saimi,  in  his  Optics, 
gives  the  same  reason      He  makes  the  apparent  distance  in  the  hoiizon  to  be 
to  that  in  the  /enith  as  10  to  3,  and  thoiefore  the  apparent  diameteis  in  that 
latio    The  methods  by  which  he  estimated  the  appajent  distances,  may  be  seen 
in  Vol  I  p$g  65     The  same  cucumBtance  also  takes  place  in  the  sun,  which 
appeals  much  largci  in  the  hoiizon  than  in  the  zenith     Also,  if  we  take  two 
staib  neai  cich  otliei  in  the  hoiizon,  and  two  other  stais  neai  the  zenith  at  the 
sime  angulai  distance  fiorn  each  othei,  the  two  foimei  will  appear  at  a  much 
gieatei  distance  fiom  each  othei,  than  the  two  lattei      Upon  tins  account, 
people  aie,  in  gcncial,  \ciy  much  deceived  in  estimating  the  altitudes  of  the 
heavenly  bodies  ibove  Ihe  hon/on,  judging  them  to  be  much  gieatei  thaiithey 
aie     Di  SMITH  found,  that  when  a  body  was  about  23°  above  the  hoiizon,  it 
appealed  to  be  halfway  between  the  zenith  and  hoiizon,  and  theiefoie  at  that 
leal  altitude  it  would  be  estimated  to  be  45°  high     Upon  the  same  pimciples 
the  lowci  pait  of  a  lambow  appeais  bioadcr  than  the  uppei  pait     And  this 
may  be  consideied  as  an  aigument  that  the  pheenomenon  cannot  depend  entirely 
upon  the  gieatei  degiee  of  faintneBS  in  the  object  when  inthehonzon,  because 
the  lowoi  part  of  the  bow  ficquently  appeal  b  bnghtei  than  the  upper  part,  at 
the  &ame  tune  that  it  appeal  b  laigu  ,  also,  this  cau&o  could  have  no  effect  upon 
the  distance  of  the  stus,  and  as  the  difference  of  the  appaient  distance  of  two 
etais,  whose  angulai  dibtancc  is  the  same,  in  the  horizon  and  zenith,  seems  to 
be  fully  sufficient  to  account  foi  the  appaient  vaiiation  of  the  moon's  diameter 
jn  these  situations,  it  may  be  doubtful,  whethei  the  famtnees  of  the  object  en* 
tcis  into  any  pait  of  the  cause 


CHAP.  XIX. 

ON  THE  ROTATION  OF  THE  SUN,  MOON  AND  PIANJLTS 

Art  383,  THE  time  of  lotation  of  the  sun,  moon  and  planets,  and  the 
position  of  then  axes,  aie  deteimmed  fiom  the  spots  which  aie  obseived  upon 
then  surfaces  The  position  of  the  same  spot,  obseived  at  three  different 
times,  will  give  the  position  of  the  axis ,  foi  thice  points  of  any  small  ciicle 
will  detumme  its  situation,  and  hence  we  know  the  axis  of  the  sphere  which  is 
peipenchculai  to  it*  The  time  of  rotation  may  be  found,  either  from  observ* 
mg  the  me  of  tfre  pmall  circle  described  by  a  spot  in  $ny  time,  or  by  obseivmg 
the  zetuin  of  a  spot  to  the  sjme  position  m  icgpect  to  the  eaith. 


On  the  Rotation  of  the  Sun 

384  It  ib  doubtful  by  whom  the  spots  on  the  sun  weie  fh&t  discoveied 
SCIIEINER,  piofessoi  of  Mathematics  it  Ingolstadt,  obseived  them  in  May, 
1611,  and  published  an  account  of  them  m  1612,  in  a  Woik  entitled,  Horn 
tirswa  He  supposed  them  not  to  be  spots  upon  the  body  of  the  sun,  but 
that  they  weie  bodies  of  megulai  nguies  levolving  about  the  sun,  veiy  neai  to 
jt  GAMUSO,  m  the  Preface  to  a  Woik  entitled,  Istoi  ia,  Dvmostrasiom,  tntotno 
alk  Macchw  Solan,  Roma  1613,  says,  that  being  at  Rome  in  Apul  1611,  he 
then  showed  the  spots  of  the  sun  to  seveial  persons,  and  that  lie  had  spoken  of 
tfyem,  some  months  befoie,  to  his  fuends  at  Florence  He  imagined  them  to 
adheie  to  the  sun  KEPLER,  in  his  Ephemens,  says,  that  they  weie  observed 
by  the  son  of  DAVID  FABRICIUS,  who  published  an  account  of  them  in  1611 
In  the  p^peis  of  HARRIOT,  not  yet  punted,  it  ih  said,  that  spots  upon  the  sun 
weie  obseived  on  December  8,  1610  As  telescopes  weie  in  use  at  that  time, 
it  is  probable  that  each  might  make  the  discoveiy  Admitting  these  spots  to 
adhere  to  the  sun's  body,  the  leasons  for  which  we  shall  afteiwaids  give,  we 
proceed  to  show,  how  the  position  of  the  axis  of  the  sun,  and  the  time  of  its 
rotation,  may  be  found 

385  To  deteimme  the  position  of  a  spot  upon  the  sun's  suifaco,  find,  by 
the  method  given  in  my  Practical  Ast)  onomy,  Ait  125,  the  diffeiencc  between 
the  nght  ascensions  and  dechnitions  of  the  spot  and  sun's  centci  ,  fiom  which, 
find  the  latitude  of  the  spot,  and  the  diffeience  between  its  longitude  anc|  that 
of  the  sun's  center ,  this  may  be  done  thus  Let  <v  Q.  be  the  ecliptic,  T  C  the  i  JG 
equator,  AB  the  sun,  $  the  center  of  its  dibc,  *v  a  spot  on  its  surface ?  diaw  88 
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At  parallel  to  vC,  and  Sb,   %va  secondanes  to  <yC,  and  vr  perpendiculai  to 
<rQ,  then  ab  is  the  obseived  diffeience  of  the  right  ascensions  of  the  spot 
<md  the  snn's  cental,  and  vv  the  diffeience  of  then  declinations      By  Ait  is 
fltfxcos    Sb  =  &i,   hence,  in  the  light  angled  tinngle  v&e,  we  know  A  rand 
M,  to  find  *A,  and  tlie  angle  »Ar  ,  also  in  the  light  angled  tuangle  *  6*.  we 
know  v  *  the  bim's  light  ascension,  and  Wits  declination,  to  find  the  angle 
<v  AJ,  the  difieience  between  which  and  the  right  angle  bSat  gives  *  A*,  and 
as  oS«  is  known,  we  get  *>Ar,  hence,  in  the  right  angled  tiiangle  fctfr,  we 
know  o&  and  the  angle  »&,  to  and  t»  the  latitude  of  the  spot,  and  rS  the 
diffeicnce  of  longitudes  of  the  spot  and  sun's  center     Reduce  its  geocentnc 
latitude  and  longitude  to  the  heliocentric  latitude  and  longitude    To  do  which 
PIG      let  EACD  bo  the  piojcction  of  the  sun's  disc,  EM  the  ecliptic,  8  the  centei 
»»       of  the  disc,  M  i  spot  on  the  suiface,  diaw  ML  perpendicular  to  EC,  and  ML, 
iA;  aic  the  obsen  cdgeoccntnc  latitude  of  the  spot,  and  diffeience  of  longitudes 
between  that  and  the  sun's  center,  hence  we  know  SM,  which  is  the  piojection 
of  the  aic  of  a  gicit  cucle  between  the  point  S  on  the  sun's  surface  to  which 
IIO       the  caith  is  veitacal  and  the  spot,  into  its  sine     To  find  this  aic,  let  E  be  the 

90  caith,  Ea  a  tangent  to  the  sun,  and  diaw  ab  peipendicular  to  Ee8  ,  then  the 
angle  Sab  being  equal  to  &J£a,  the  appaicnt  semidiametei  of  the  sun,  the  aic 
ae  is  the  complement  of  the  sun's  scnudicimetei      Hence,  if  d  be  a  spot  upon 
the  sun,  ami  dc  be  pcipendiculai  to  Ste     then,  as  ba  Ui&  observed  semtdtametet  , 
the  sine  qj  the  aic  ae     Hie  observed  angle  under  which  dc  appears    tite  sine  tf 

™  the  ate  dc  Urns  we  find  the  aic  concspondmg  to  SM>  01  the  angulai  dis- 
tance of  the  spot  upon  the  sun's  smface  fioin  the  middle  of  the  sun's  disc 
Now  the  angle  MSL  in  the  projection,  is  equal  to  that  upon  the  suiface  of  the 
sun  foinicd  by  the  gicit  eiicles,  coinjmtc  theiefoie  tins  angle  fiom  the  n«ht 
anqled  plain  tiiangle  MLS  Let  p  be  the  pole  of  the  ecliptic  upon  the  suiface 
of  the  bun  Then  the  angle  pSL  being  a  right  angle,  we  know  the  angle  pSM 
on  the  sun's  suiface,  togethei  with  SM  and  Sp9  Sp  being  =  90°  ,  hence  we  find 
jpA/,  and  the  angle  MpS  Now  as  S  is  a  point  on  the  sun's  disc,  to  which  the 
ciith  is  veitieal,  ^f  seen  fiom  the  sun's  centre  has  the  same  longitude  as  the 
eaith,  ind  is  thcrefoie  known  ,  hence,  if  to  that  we  add,  01  fiom  it  subtract, 
MpS,  accoiding  as  L  is  to  the  cast  01  west  of  ,V,  we  get  the  longitude  of  M 
seen  fiom  the  sun's  ccntci  ,  and  the  diffcienec  oi  PM  and  P*>,  01  »AT,  is  the 
helioccntiic  latitude  of  M 

m         S96   To  deteiminc  the  pole  P  of  the  sun's  equatoi  QnRN,  let  ab  be  the 

91  path  desoubed  by  i  spot,  and  jl/,  N,  0,  thiee  obseived  positions  of  that  spot, 
the  appaient  xnotiOQ  of  which  is  fiom  east  to  west,  the  sun  revolving  about  its 
axis  iccoidmg  to  the  oidci  of  the  signs  ,  then  (385)  we  know  Mp,  Np,  Op, 
and  the  angles  MpN,  NpO  ,  for  as  we  know  the  angles  which  Mp>  Np,  Op 
make  \vjthjoV,  the  angles  between  these  circles  will  be  known,  which  is  the 
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difference  of  their  longitudes     Join  the   points  M,  N,   0,  by  tlncc  o-icit 
circles,  dotted  m  the  Figuie,  then  in  each  of  the  triangles  MpN,  MpO,  NO 
we  know  two  sides  and  the  included  angle  at  p,  to  find  the  aics  of  the  eicit 
cncles  MN9  MO,  NO,  denoted  by  the  dotted  lines      Now  to  find  the  aics  of 
the  small  circle  ab  conespondmg,  take  the  sines  of  half  the  aics  of  the  meat 
circles,  and  the  double  will  be  the  choids      Let  aMNOb  be  the  small  cucle      no 
Cits  center,  produce  MCio  F,  and  join  QV ,  then  knowing  the  chords  MN      92 
NO,  MO,  we  know  the  angle  ONM,  the  supplement  of  which  is  the  anole 
OVM,  the  double  of  which  is  the  angle  OCMat  the  centei,  or  the  aic  ONM 
of  the  small  cncle      Let  OvM  be  an  aic  of  the  gieit  cucle  pissing  thiouo-h 
OM,  whose  ladms  OD  is  equal  to  the  radius  of  the  spheie ,  diaw  DO  whith 
must  be  perpendicular  to  OM ,  then  the  angle  OCw  shows  the  degrees  con 
tamed  m  half  the  arc  ONM  of  the  small  circle,  and  the  angle  ODw,  half  the 
degrees  m  the  gieat  circle  ffrM ,  and  sin   OCw,  or  OCD,      sin'  ODC 
OD     OC       the  iadms  of  tfehtyhere      ndms  of  the  small  cucle  puallel  to 
the  solar  equator,       radius      cos    of  the  distance  of  the  small  cucle  ab  fiom 
the  solai  equator  ,  hence,  the  distance  of  this  small  cncle  fiom  the  pole  P  is     no 
known     Theiefoie  in  the  tmngle  POM,  we  know  all  the  sides,  to  find  the      9K 
ingle  PMO,  and  m  the  tnangle  pMO,  we  know   ill  the  sides,  to  find  the 
angle  pMO,  hence  we  know  the  angle  PMp,  togethei  with  PM,  p  vf,  theie- 
foie  we  can  find  Pp,  which  mcwmes  the  inclination  of  the  sun'b  a\is  to  the 
ecliptic 

387   Let  N  be  the  ascending  node  of  the  sun'b  equatoi ,  to  find  the  situa- 
tion of  which  fiom  the  sun's  center,  produce  pP  to  /,  then  Pt  passing  thiouoh 
the  poles  of  the  ecliptic  and  equator  must  cut  each  90°  fiom  the  node  N,  theiefoie- 
Nt~90     Now  to  find  the  position  of  /,  find,  in  the  triangle  oPp,  the  anolc  at 
p,  which  measures  the  aic  te ,  mid  (385)  also  the  angle  OpV,  01  the  iu  <tf  - 
hence  we  know  tS,   but  the  longitude  of  S  seen  fiom  the  sun's  centei,  is  op' 
posite  to  the  sun's  place  in  the  ecliptic,  find  this  theiefoie  at  the  time' of  the 
obseivation  at  O,  and  we  get  the  longitude  oft,  consequently  we  get  the  place 
N  of  the  node      The  best  time  to  deteimme  the  place  of  the  n&ode  and  the 
inclination  of  the  equator,  is  about  the  beginning  of  June  and  December 
because  at  those  times  the   eaith  being  m  the  plane  of  the  equatoi    the! 
path  of  the  spot  is  most  inclined  to  the  ecliptic,  and  its  latitude  changes'  the 
fastest  & 

388,  To  find  the  tar  „  of  the  sun's  rotation,  we  have  given  the  degiees  of  the 
arc  MNO,  and  the  time  the  spot  is  moving  from  MtoO,  hence,  the  aic  MO 
360°  the  time  of  descnbing  MO  the  time  of  a  i  evolution 

389  But  there  is  a  shoiter  and  moie  elegant  method  of  determining  the 
place  of  the  node  and  inclination  of  the  axis,  grven  by  M  CAGNOLI,  in  Ins  Tti- 

gonometry,  fiom  the  vanation  of  a  triangle  when  two  of  its  sides  remain  con- 
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stant,  and  the  thud  side  vanes  by  any  finite  quantity,  this  is  the  case  with  the 
tiiangles  Pp09  PpN,  PpM,  wheic  Pp  is  constant,  and  PO=PN=PM 
Now  taking  any  two  of  these  tiiangles,  PpM,  PpN,  he  proves  that,  sm  £  x 
pN-pM  tan  j-  MpN  sin  Jx  Np  +pM  cot  ^xPMp-jrPNp,  wheie 
all  the  teims  11  e  known,  except  the  last,  which  theiefoie  ib  known  ,  in  like 
inannei,  fiom  the  tuaugles  PpN,  PpO,  we  get  PNp  +  POp,  theicfore  if  we 
put  U,  L",  £"  foi  the  obseived  longitudes  of  the  spot  at  M,  N9  0,  and  JD', 
D",  D"'  foi  PM,  PN,  PO,  also,  a^xPMp  +  PNp,  b=i%  xPMp  +  POp, 
tsJxPJtfjp  +  POp,  then 

tan   *- 


,        ,  _ 
tan    v  —  « 


tan   ^ 


S'  x  cot      xLni-L' 


AU,    tan    i  Qp^     tan.  %*PNp-POp        tan    />X>  +  *OJpJV    tan    J  x 
p,  where  all  the  terms  aie  known,  except  the  third,  of  winch  one 


pait  Ojp^i^  Z'"-Z",  hence,  tan    PpO+ixX'"-r=tan 
c  x  cot    a^l>  which  put  =  tan  #,  and  we  have 


Add 

jPj»0  +  X"=JF+i  xy7"TZ"~  the  longitude  of  the  pole  P  of  the  sun, 
or  of  f,  to  which  add  90°,  and  we  get  the  longitude  of  the  node  N 

Now  to  find  Pp,  put  P^the  longitude  of  the  pole  P,  then  Pp0=P- 
X'"  =  5,  and  POp  =  5  K-a  =  rf,    confacqucntly  the  tangent  of  half  the  dif- 

fuencc  of  PM  and  P^?  is  ^m  ^  JT  x  sin  j    ^-^-tan   y,  and  the  tangent 


of  half  the  sum  is  tanJJ)w  x 


cos 

(PM  being  greater  than  PJD)  and  z^y  —  Pp  tlie  inchnation  of  the  solar 
equate*  to  the  ecliptic  If  *  be  gieatei  than  180°,  take  360°  ~$  for  $f  and 
the  same  for  d  But  if  rf  be  less  than  90°,  Uien  Pp  =  1  806  -  z  +#,  and 


Ex   Accoiding  to  the  obseivotions  of  M  dc  la  LVNDE,  the  three  longitudes 
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of  a  spot  seen  from  the  center  of  the  sun,  and  its  distance  froin  the  pole  to  the 
ecliptic  in  1775,  weie  as  follows  , 

Longitude  Distance  from  the  Pole 

June  14,     7s     8Q    34'  2l"  =  Z/  90°   38'     6"  =  D' 

18,     9      3     48   51  =,L"  .            97     30      8  =D" 

21,   10    19        0    14  =£'"  101      35    16  =ZT 

Hence,tan  a  =  sm  i  x/)'  -if  x 


tan  .-sm    j  xlTx  cot  j  x7 


sin    i  x  D'"-D"  x  cot  J  x  r  0        , 

tan  ess.  -  —  -       ."    ;.  -  -=5°    is' 
sin 


Hence,   tan  J  x  -L"'  —  L"  x  tap    ex  cot,  a  —  £=itan    of  50°    26'    50"  =  ,r,  con- 
sequently =  PpO  +  17  =  x  +  1  x  Zw  +  L"  =  11s    17°   51'  20"  the  longitude  P  of 
the  pole  of  the  sun  ,  hence,  the  longitude  of  the  node  N  is  2a   17°  si'  20"> 
NowP~i'"=28°  51'  6",  Z>+c-tf  =  3°  30'  27",  hence, 

.  59'    o" 

sm  |  x  s  +  d 

,-_.  -  tan  |  D"  x  cos  4"7^¥ 

tan  ixPM  +  Pjpzrtan  x  =  -  cos  j.  ^  -  =51°    14'  10" 

Hence,  (PM  being  greater  than  P/>,)  we  have  PM=z+y  —  95°  13'  io"thfc 
distance  of  the  spot  from  the  north  pole  of  the  sun  ,  and  Pp^x  —  y*^*   35' 
10"  the  inclination  of  the  solar  equator  to  the  ecliptic 

390  M    CASSINI,  from  his  own  observations,   makes  the  inclination  of  the 
sun's  axis  7i%  calling  the  inclination  the  distance  from  the  peipendicular  to 
the  ecliptic,  and  the  place  of  the  node  2*    8°       Le  P    SCHEINER  supposes  the 
inclination  to  be  7°     M  de  PIsLE  found  it  6"    35',  from  one  set  only  of  ob- 
servations     The  place  of  the  node  was  determined  by  M  CASSINI  the  Son   to 
be  2'    10°      M    de  FIsLE  found  it  1s    26°     Le  P  SCHEINER,  in  1626,  fixed  it 
at  2'    10°     From  the  difficulty  of  determining  the  exact  position  of  the  spots, 
the  place  of  the  node  and  inclination,  moie  particularly  the  formei,  aie  subject 
to  considerable  errors,  and  accuiacy  can  only  be  depended  upon,  from  the 
mean  of  a,  great  number  of  observations       It  does  not  appear  that  the  place 
of  the  node,  and  the  inclination,  are  subject  to  any  change 

391  M  de  la  LANDE  has  given  the  following  method  of  correcting  the 
place  of  the  node,  and  the  inclination  of  the  equator     He  supposes  the  place 
of  the  node,  and  the  inclination  to  be  neaily  known  ,  and  from  three  observed 
latitudes  and  longitudes  of  a  spot,  he  computes  its  decimation,  which  ought  to 
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be  the  same  in  each  case,  if  the  above  quantities  be  lightly  assumed, 
declinations  come  out  different,  he  changes  the  assumed  place  of  the  node 
inclination,  accoidmg  to  the  errois,  until  the  declination  comes  out  the  samo 
for  each  obseivation,  and  then  concludes  the  quantities  to  be  lightly  assume  cl* 
so  fai  as  the  obseivatious  aie  tme  Foi  example  ,  He  assumes  the  place  of  tlao 
node  n  8'  17°,  and  inclination  7°  30'  Now  in  1775,  he  found  by  observa- 
tion on  June  14,  the  latitude  of  a  spot  0°*  38'  south,  longitude  7"  8°  34',  on 
June  18,  the  latitude  7°  30',  and  longitude  9'  5°  49',  and  on  June  21,  the 
latitude  11°  35',  and  longitude  10s  19°,  hence  (393)  the  con  esponding  de- 
clinations by  calculation  aie  5°  17',  5°  2'  and  4°  57'  By  making  the  inclina- 
tion 7°  20',  the  first  and  last  declinations  become  5°  11'  and  5°  6',  theiefbre 
by  diminishing  the  inclination  10',  the  declinations  of  the  spot  at  the  fiist  and 
last  obseivations  are  brought  neaiei  by  15%  hence,  15'  1O'  5'  (tlic* 
diffcience  of  5°  ll'  and  5°  6')  3',  which  subti  acted  jfiom  7°  2O'  give« 
7°  17'  foi  the  inclination,  which  will  give  the  inst  and  last  declination  5°  £>'. 
"With  tins  inclination  7°  17',  the  second  observed  place  gives  5°  6'  foi  tlio 
declination,  differing  3'  for  the  two  othei  His  second  hypothesis  is  to  chango 
the  place  of  the  node  in  order  to  make  the  declinations  at  the  first  and  tliixxl 
obseivations  agiee,  he  therefoie  supposes  the  place  of  the  node  to  be  8'  22°* 
And  by  going  thiough  the  calculations  as  befoie,  he  finds,  that  an  inclination 
of  7°  10'  will  give  5°  33'  for  the  declination  at  the  fiist  and  thud  obseivatioiia, 
and  5Q  47'  at  the  second,  differing  14'  Hence  he  ananges  the  two  hypothescK 
thus 


Node 

Inclin  i- 
tion 

Decl  on 
Time  14 
and  31 

DC  elm  i 
tiou  on 
June  18 

Diffc 
icnct  of 
Declin1 

8'   17°  0' 

7°  17' 

5°     9' 

5°     6' 

3'  less 

8    22    0 

7    10 

5    33 

5    47 

14  inoie 

Dlff  5    0 

0      7 

O     24 

0    41 

17  diff 

Here  a  change  of  5°  of  the  node  and  7'  m  the  inclination  has  made  a  differ- 
ed of  17'  in  the  sum  of  tho  enois  Hence,  to  alter  the  place  of  the  node  ancl 
indication  to  make  both  the  diffeiences  3' and  14' vanish,  say,  17'  5°  3'  : 
53',  which  added  to  8'  17°  gives  8s  17°  53',  also,  17'  7'  8'  l',  subtiaet 
therefore  l'  from  7°  17'  and  it  gives  7°  16'  foi  the  corresponding  inclination. 
Lastly,  to  find  the  corresponding  declinations,  say,  17'  24'  3'  4',  add  this 
4'  to  5°  9'  and  it  gives  5°  13'  for  the  decimation  on  June  14  and  21 ,  and  1*7" 

41'    3'    7',  add  this  7*  to  the  declination  5°  6'  on  June  18,  and  it  gives  ,5°. 
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1 3' foi  the  decimation  at  that  time  Hence,  the  place  of  the  node  8s  17°  $3', 
and  inclination  7°  16',  give  5°  IS1  for  the  decimation  of  lie  spot  at  the  three' 
observations,  and  theiefore  we  may  conclude  the  place  of  tl  e  node  and  inclina- 
tion to  be  tiuly  asceitained,  as  near  as  the  observations  can  give  it  It  will 
be  always  proper  to  go  through  with  all  the  calculations  again,  after  you  have 
thus  deduced  the  place  of  the  node  and  inclination,  and  see  whethei  they  give 
the  declinations  the  same  at  each  obseivation ,  if  not,  another  correction  must 
be  made  m  the  same  manner ,  but  this  will  not  be  found  necessaiy,  unless  you 
have  consideiably  alteied  the  place  of  the  node  and  inclination  ,  m  which  case, 
the  approximations  may  not  be  sufficiently  exact,  and  aftei  all,  the  small  ei- 
lois  which  the  obseivations  must  be  subject  to,  rendeis  it  unnecessary  to  seek 
foi  a  neaier  agreement  in  the  decimations  than  3'  01  4'  This  may  be  consi- 
dered as  a  correction  of  the  place  of  the  node  and  inclination,  as  determined 
nearly  by  any  other  method, 

392  When  the  earth  is  in  the  nodes  of  the  sun's  equatoi,  it  being  then  m 
its  plane,  the  spots  appear  to  desciibe  straight  lines ,  this  happens  about  the 
beginning  of  June  and  December     As  the  eaith  lecedes  from  the  nodes,  the 
J)ath  of  a  spot  giows  moie  and  moie  elliptical,  till  the  earth  gets  90°  from  the 
nodes,  which  happens  about  the  beginning  of  September  and  March,  at  which 
time  the  ellipse  has  its  minor  axis  the  greatest,  and  is  then  to  the  major  axis, 
as  the  sine  of  the  inclination  of  the  solar  equator  to  radius 

393  To  find  the  light  ascension  wo  of  the  spot  at  O  fiom  the  descending     TIG 
node  n,  and  the  declination  00,  we  have,  m  the  right  angled  triangle  neO,  ne     ^ 
the  difference  of  the  longitudes  of  n  and  O,  with  eO  the  latitude  of  0,  to  find 

Un,  and  the  angle  One,  and  as  we  know  *me9  we  shall  know  <vnO ,  hence,  m 
toe  right  angled  triangle  Owi,  we  know  nO  and  the  angle  Onv,  to  find  m  the 
light  ascension  of  0  measured  from  the  node  n,  and  Ov  its  declination 

394  If  the  latitude,  longitude  and  declination  of  a  spot  be  known,  we  may 
find  its  light  ascension  thus     By  spher    trig    md  xcos    nO^cos    nexco, 
Oe,   and  lad  xcos    nO~cos    wxcos    O»,  hence,   cos    ne x  cos    Oe  =  cos 
TZtfxcos    0»,   consequently  the  cos    of  nght  ascen    ^-cos    ne  x  cos_2l~ 

cos  dist  from  node  x  cos  hel  lat 

coFEr~dec~ "  we  thei  efore  calculate  the  nght  ascension 

of  the  same  spot  at  two  diffeient  times,  we  get  its  motion  in  right  ascension  m 
the  mteival  of  these  times,  hence,  that  motion  360°  the  inteival  of  the 
tunes  the  time  of  the  rotation  of  the  sun  m  lespect  to  the  nodes,  01,  as  it  does 
not  appeal  that  the  node  has  any  sensible  motion,  it  gives  the  true  time  of  ro- 
tation Oi  the  time  may  be  dete/mmed  by  the  return  of  a  spot  to  the  same 
declination  or  nght  ascension  Thus  M  de  la  LANDE  has  found  the  time  of 
station  to  be  Md  lOh  and  the  return  of  the  spots  to  the  ,ame  situation,  to  fe 
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7/t  37'  28"     M  CASSINI  deteiimned  the  time  of  lotation,  fiom  obseiving 
the  time  in  which  a  spot  letuins  to  the  sitne  situation  upon  the  disc,  01  to  tlie 
cucle  of  latitude  passing  thiough  tlie  eoith     Let  t  be  that  mteival  of  time,  and 
let  m  be  equal  to  the  ft  ue  motion  of  the  earth  in  that  time,  and  n  equal  to  its 
mean  motion,  then  360°  +  m    360°  +  n    t    the  time  of  i  etui  n  if  the  motion 
had  been  unifoim,  and  this,  Iiom  a  gieat  numbei  of  ob&eivation**,  he  deteimmes 
to  be  27c?  12/i   20',  now  the  mean  motion  of  the  eaith  m  that  time  is  27°  7' 
8",  hence,  36Q°  +  27°  7'  8"     360°     27d  ISA   20     25d  I4h  8'  the  time  of  10 
ta&on     Elem  d'Asfron  pag   104*     But  this  method  is  not  capable  of  so  much 
accuiacy  as  the  othei 

395   Theie  has  been  a  gieat  diffeience  of  opinions  lespectmg  the  natuie  of 

tlie  solar  spots     SCHEINIR  supposed  them  to  be  solid  bodies  i  evolving  about 

the  sun,  veiy  neu  to  it,  but  as  they  aic  as  long  visible  as  they  aie  invisible, 

this  cannot  be  the  case      Moieovei,  \ve  h  ive  a  physical  aigument  against  this 

hypothesis,  winch  is,  that  most  of  them  do  not  i  evolve  about  tlie  sun  in  a  plane 

passing  tJuough  its  centei,  "which  they  necessanly  must,  if  they  revolved,  like 

the  planets,  ajbc-ui;  the  sun     GALILEO  confuted  SCHEINER'S  opinion,  by  obseiv- 

ing  tibat  the  spots  were  not  permanent  ,  that  they  varied  then  figure  ,  that  they 

increased  anpi  decreased,  and  sometimes  disappeared     He  compared  them  to 

smoke  and  clouds,,    H^VELIUS  appears  to  have  been  of  the  same  opinion  ,  foi 

in  his  Cometograpfua,  page  360*  speaking  of  the  solai  spots,  he  says,  Juzc  ma* 

t&rta  nunc  ea  tpsa  est  ffvaporatio  et  exUcdatio  (quia  aliunde  mimme  ortn  potest} 

qy&  ex  ipso  corpore  sohs9  ut  wpra  ostensum  est,  expiratwr  et  exhalatur     But  the 

pcimanency  of  most  of  the  spots  is  an  aigument  against  this  hypothesis      M 

de  la  HIRE  supposed  them  to  be  solid,  opaque  bodies,  which  swim  upon  the 

liquid  mattoi  oi  the  sun,  and  which  are  sometimes  entncly  nnmeiscd     M  de 

la  LANDE  supposes  that  the  sun  is  an  opaque  body,  coveied  with  a  liquid  me, 

and  that  the  spots  arise  from  the  opaque  paits,  like  io^ks,  which,  by  the  alter- 

nate flux  and  leflux  of  the  liquid  igneous  mattei  of  the  sun,  are  sometimes 

raided  above  the  siuface     Tlie  spots  aic  frequently  daik  in  the  middle,  with 

an  umbra  about  them  ,  and  M  dc  la  LANDE  supposes  that  tint  part  of  the  lock 

which  stands  above  the  surface  foims  the  daik  pait  in  the  centei,  and  those 

parts  which  aic  but  just  coveied  by  the  igneous  mattei  foim  the  umbia     Di 

WILSON,  Professoi  of  Astronomy  at  Glasgow,  opposes  this  hypothesis  of  M  de 

la  J/AW>E,  by  this  aigument     Gencially  speaking,  the  umbia  immediately 

CQHtiguQus  to  the  dark  central  part,  01  nucleus,  instead  of  being  veiy  dark,  as 

it  ought  to  be,  fiom  oui  seeing  the  nnmeised  parts  of  the  opaque  lock  through 

a  thin  stratum  of  the  igneous  mattei,  is,  on  the  contiary,  very  nearly  of  the 

same  splendour  as  the  external  suiface,  and  tfee  umbia  giows  darker  the  fiiithei 

it  recedes  from  the  nucleus,  this,  it  must  be  acknowledged,  is  a  stiong  aigu- 

.ment  against  the  hypath«§is  of  M  de  la  LANDL     Di  WILSON  fuitlier  obseives, 
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that  M  dc  li  LANDS  pioduces  no  optical  aiguments  m  support  of  the  rock 
standing  above  the  surface  of  the  sun  The  opinion  of  Di  WILSON  is,  that  the 
spots  are  excavations  in  the  luminous  matter  of  the  sun,  the  bottom  of  which 
foims  the  umbia  They  who  wish  to  see  the  arguments  by  which  this  is  sup- 
poited,  must  consult  the  Phil  Trans  1774  and  1783  Dr  HALLEY  conjec- 
tuied  that  the  spots  aie  formed  in  the  atmosphere  of  the  sum  Dr  HEESCKEL 
supposes  the  sun  to  be  an  opaque  body,  and  that  it  has  an  atmosphere ,  and  if 
some  of  the  fluids  which  entei  into  its  composition  should  be  of  a  shining  bril- 
liancy, whilst  others  aie  merely  tian^paient,  any  tempoiaiy  cause  which  may 
remove  the  lucid  fluid  will  peimit  us  to  see  the  body  of  the  sun  thiough  the 
tianspaient  ones  See  the  Phil  Trans  1795  Dr  HERSCHEL  on  April  19, 
1779,  saw  a  spot  which  measured  l'  8",06  in  diameter,  which  m  equal  m  length 
to  moie  than  31  thousand  miles,  this  was  visible  to  the  nakedieye 
the  dark  spots  upon  the  sun,  there  are  also  parts,  of  the  sun,  called 
Lttculi^  &tt  which  aie  blighter  than  the  geneial  »uiface ,  these  always  abound 
most  in  the  neighbourhood  of  the  spots  themselves,  or  wheie  spots  iccently 
have  been  Most  of  the  spots  appeal  within  the  compass  of  a  zone  lying  30° 
on  each  side  of  the  equatoi ,  but  on  July  5,  1780,  M  de  la  LANDE  observed  a 
spot  40°  fiom  the  equator  Spots  which  have  disappeaied  have  been  observed 
to  bieak  out  again  The  spotb  appeal  so  frequently,  that  Astronomers  very 
seldom  examine  the  sun  with  their  telescopes,  but  they  see  some ,  SCHEINER 
saw  50  at  once  The  following  phenomena  of  the  spots  are  described  by 
SCHEINER  and  HEVELIUS 

I  Every  spot  which  hath  a  nucleus*  bath  also  an  umbra  surroundiiag  it. 

II  The  boundaiy  between  the  nucleus  add,  umbra*  is  always  well  defined* 

III  The  increase  of  a  spot  is  gradual,  the  breadth  of  the  nucleus  and  umbra 
dilating  at  the  same  time 

IV  The  deciease  of  a  spot  is  gradual,  the  bieadth  of  the  nucleus  and  um- 
bia conti  acting  at  the  same  time 

V  The  exterior  boundary  of  the  umbia  nevei  consists  of  shaip  angles,  but 
is  always  curvilmeai,  however  inegulai  the  outline  of  the  nucleus  may  be 

VI  The  nucleus,  when  on  the  deciease,  in  many  cases  changes  its  figure, 
by  the  umbra  encroaching  irregulaily  ujpon  it 

VII  It  often  happens,  by  these  encroachments,  that  the  nucleus  is  divided 
into  two  or  moie  nuclei 

VIII  The  nucleus  vanishes  sooner  than  the  umbra 

IX  Small  umbrae  aie  fiequently  seen  without  nuclei 

X  An  umbra  of  any  considerable  size  is  seldom  seen  without  a  nucleus 

XI  When  a  spot,  consisting  of"  a  nucleus  and  umbia,  is  about  to  disappear, 
if  it  be  not  succeeded  by  a  facula,  or  more  fulgid  appearance,  the  place  it  oc- 
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cupied,  is,  soon  aftei,  not  distinguishable  from  any  othei  pait  of  the  sun'b 
surface 

On  tlie  Rotation  of  the  Moon 

FIG  396  The  latitude  and  longitude  of  some  one  spot,  as  seen  from  the  moon's 
89  center,  must  be  determined  (385)  as  foi  the  sun ,  but  (lefeiimg  to  Fig  89  ) 
pS  is  not,  as  for  the  sun,  equal  to  90°,  but  it  is  the  moon's  distance  from  the 
pole  of  the  ecliptic,  jfoi  the  pole  of  the  ecliptic  will  not  he  in  the  circumfeience 
of  the  moon's  disc,  as  in  the  case  of  the  sun,  except  when  the  moon  is  in  the 
ecliptic ,  for  as  the  moon  leaves  the  ecliptic,  it  is  manifest  that  the  pole  of  the 
ecliptic  will  appioach  upon  the  disc,  01  iccede  behind  the  moon,  by  a  quanti- 
ty equal  to  the  moon's  latitude ,  at  the  time  of  observation  therefoie,  pS  will 
be  known,  by  knowing  the  moon's  latitude ,  also  £J/and  the  angle  p$Ma,i& 
detcimmed  as  for  the  sun ,  hence  we  can  compute  pM  the  distance  of  the  spot 
from  the  north  pole  of  the  ecliptic,  and  the  angle  SpM  the  difference  between 
the-  longitude  of  the  spot«l  th$t  of  the  earth  seen  from  the  moon,  theiefoie 
the  longitude  of  the  earth  being  known,  the  longitude  of  the  spot  seen  from 
the  moon's  center  will  be  known  We  thus  find  the  latitude  and  longitude  of 
a  spot  at  three  different  times,  seen  fiom  the  centei  of  the  moon,  in  respect  to 
the  ecliptic,  or  to  a  circle  drawn  through  the  center  of  the  moon  parallel  to  the 
echptic,  and  with  these  three  observations,  we  can  determine  the  situation  of 
the  lunar  equatoi,  in  the  same  mannei  as  foi  the  sun,  but  MAYER  has  given 
anothei  method  by  appioximation,  by  which  he  can  employ  moie  observations 
for  one  operation,  and  theieby  inciease  the  accuiacy  of  the  conclusion  Those 
spots  near  the  centei  aie  the  best  foi  this  purpose,  because  then  change  is  most 
sensible,  MAYLR  has  therefoie  chosen  that  called  Manilms,  the  obseivatiqna 
upon  which  are  contained  in  the  following  Table. 
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397  Let  QDV  icpresent  the  face  of  the  moon  next  to  the  eaith,  C  the 
centei  of  the  moon's  disc ,  QNXthe  lunar  equatoi,  P  its  pole,  ZWlFthe 
ecliptic  lefeued  to  the  moon's  surface,  «or  rather  a  circle  passing  thiough  its 
center paiallel  to  the  ecliptic,  and  which  extended  to  the  heavens  maybe  con- 
sidered  as  coinciding  with  it,  p  its  pole,  which  is  not,  as  m  the  bun,  m  the  out- 
waid  circle  QDV ,  M  Manillas,  through  which  draw  the  great  circles  pMB, 
PML,  and  let  <Y>  be  the  fiist  point  of  Aries  seen  fiom  the  moon's  centei  * 
then  MB  is  the  latitude  of  Mamhus,  which  is  a  vanable  quantity,  and  known 
from  observation,  and  therefore  we  know pM its  complement,  Pp  is  the  dis- 
tance of  the  two  poles,  or  the  inclination  of  the  lunai  equatoi  to  the  ecliptic  , 
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ML  is  the  decimation*  of  Manihiis  ,  and  <v  N  is  the  longitude  of  the  node  JV 
of  tl|e  lunar  equator  Now  when  p  falls  between  P  and  M,  Mp  is  the  least  , 
and  when  p  is  opposite  to  that  situation,  Mp  is  the  gieatest  ,  and  half  the  dif- 
ference gives  Pp  the  distance  of  the  poles,  01  the  inclination  of  the  lunai 
equatoi  to  the  ecliptic  But  as  Mp  is  the  complement  of  latitude  of  M9  it  is 
manifest  that  the  above  mentioned  half  diffeience  is  half  the  diffeience  of  the 
greatest  and  least  complements  of  latitudes  of  M  Now  by  inspection  in  the 
Table*  the  greatest  obseived  value  of  pM  is  76°  59',  and  Jhe  least  value  is  73° 
3$',  half  the  difference  of  which  is  1°  4l',5,  which  is  neaily  the  value  of  Pp, 
and  would  be  accurately  so,  if  we  could  be  sure  that  the  above  values  of  pM 
were  the  greatest  and  least  possible  Also,  (36fr)  the  node  N  of  the  lunai 
equator  coincides,  01  neaily  so,  with  the  node  of  the  lunai  oibit  Put  fl==Pp, 
bzzLMygjz  vB,  h=*pM,  *=?the  distance  of  the^node  N  ofc  the  lunai  cquatoi 
from  the  node  of  its  orbit,  7f=the  longitude  of  the  Ascending  node  of  the  oibit, 
then  A  +  fstT-Afthe  longitude  of  the  node  of  the  lunai  equate*  ,  hence,  g—k 
-f=JVJ3,  or  the  angle  NfB>  and  therefbie  JXpP  =  90°-g  +  k  +  t,  because 
the  gieat  ourcle  passing  through  Aepo^fes  of  any  two  gieat-jciicles  must  be  90° 
fioai  their  intersection  Now  in  the  triangle*  MPp>  (Trig  Art  2-43  )  cos 
Pp  x  cos  pM  +  sin  Pp  x  sin,  p  M  x  cos  PpAf,  that  is,  cos 
axcos  &  +  sm  axsin*A.xcos  90°—  +  k  +  t,  or  sin  &=  cos 


q^cos  fe^Bin  ax  sin  hxsmt'g^'k-i.    Now  by  plain  tiig    sm   g-k-i=z 
sin  g—  te  xco?  If—  sin  /xcos  g—  k,  but  as  t  is  very  small,  we  may  assume 
the  cos  £=1  ,  and  as  a  is  also  veiy  small,  cos  a=l  ,  hence,  by  substitution 
and  transposition,  sm    b  —  cos    A=sm  #xsin  Ax  sin  g—k  —  sm  a\^in  Ax 
sm  ^x  cos  g-k     But  as  Pp  is  very  bmall,  &=90°-A  +  -r,  where  x  must  be 
very  small,  it  never  being  more  than  Pp  ,  hence,  sin  ^=cos  A 
cos,  ff  +  sm  Ax  sin  ^  =  (as  cos,  x^l  veiy  neaily,  and  sm^izfl)  cos 
sm  A,  therefore  §m  5-«)s  A=#xsm  A=5-90°  —  Ax  sin  h     Substitute  this 
quantity  for  sm,  ft—  cds   A  in  the  above  equation,  divide  by  sin  A,  and  for  sin 
a  substitutes,  and  we  have  i  —  90°  —  h  —  a  x  sm  g  —  k—  axsm  txcos  g  —  k 
Sow  the  quantities  g,  A,  k  are  known  fiom  obseivation,  to  find  a,  b,  t,  to  do 
which?  we  must  form  three  equations  from  thiee  different  values  of  g,  h  and  /£, 
from  whence  we  can  find  a,  b,  t  * 


this  pu*$oae,  MATEB  h^s  taken  the  obseivations  on  July  i?  10,  and  15,  m 
theTaBes,  hence,     *  * 


*  Writers  upon  thu  subject  call  thft  the  Lunar  latitude,  but  this  makes  a  confusion  of  teims,  1 
li^ve  chqfeen  to  call  it  Defltnation^  it  being  tbt  Distance  of  the  spot  fioni  the  lunai  equator 
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Times  of  ob->        July  2,  July  10,  July  15,     * 

seivalion    )      at  9h  23'  at  12/j  5'  it  13-A  35' 


0'    14°  42'     -     -     -     4s      1°    19'     -     -     -       6s      7°   24' 
0    76    55     -     -     -     0    75    46     *     £     -       0    74      4 
10       9     14     -     -     -   10       8    48     -     -     -      10       8     32 


sm  -     -     -        10,9097       -     -    *      +0,1302        -     -     -       -0,856O 

cos   g—L    -     -     -        +0,4152       -     -     -      —0,9915        -     -     -       —0,5170 

+  * 

These  values  substituted  into  the  above  equations  give, 

ft-  18°     £'=  +0,90970  -0,4  1520x  sin  £ 
6-14°   14'=  +  0,13020  +  0,99l£0x  sin,  t 


Subtract  the  first  from  the  secondhand  the  second  from  the  thud,  and 
-171'=;*-  1,76574  +  0,93220  x  sin  t 

-102'  =-0,98620-  0,47450  x  sin  t 

» 

Divide  the  fiistby  0,9322,  and  the  second  by  -0,4745,  and 

-  188  ,44=  -.1,89410  +  a  xsm  t 
214',47  =  +  2,07840  +  a  x  sm   t 

Subtiact  the  first  from  the  second,  and  we  get  397,9  1  =3,97250  ,  hencej,  a= 
100'  =1°  40',  substitute  this  value  of  0  into  one  of  the  other  two  equation^ 
and  we  get  t=3°  36',  and  these  values  of  0  and  t  substituted  into  one  of  the 
thiee  fiist  equations,  give  £=14°  33'  the  decimation  f  of  Mamlms      This  value 
of  *  shows  that  the  node  of  the  hmai  equatoi  does  not  sensibly  differ  fiom  the 
place  of  the  node  of  the  lunai  oibit     Thib  deteimmation  also  gives  the  incli- 
nation of  the  moon's  axis  to  the  ecliptic=l°  40'     Produce  pP  to  meet  the 
ecliptic  and  moon's  equatoi  m  r  and  6  ,  then  rs=  1°   40'     Now  the  aicendmg 
node  of  the  moon's  oibit,  and  the  descending  node  of  its  equatoi,"  aie  tho^e 
which  go  togethci      Let  theiefoie  Nv  be  the  situation  of  the  moon's  oibit  m 
respect  to  the  ecliptic  Nr9  then  w=5°v9'  at  the  mean  inclination  of  the  lunar 
oibit  ,  and  as  rs=  1°  40',  we  have  w,  01  the  angle  vNs,  equal  to  6°  49'  the  in- 
clination of  the  axis  of  the  moon  to  the  plane  of  its  oibit     To  agp  all  the  ac- 
cuiacy  possible,  the  thiee  latitudes  observed  shduld  be>eiy  4flSienl,and  NJ3 
about  90°  ,  if  two  of  the  obseivations  be  towaids  the  extreme  latitudes,  and  the 
oihei  neai  the  node,  the  inclination  will  be  determined  with  the  gieatest  ac- 
cuiacy,  and  if  two  be  near  the  node,  and  one  neai  the  gieatest  latitude,  the 
node  will  be  best  determined  »  t 
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To  apply  moie  than  thice  obseivations  to  one  opeiation,  MAYER,  hawng  cal- 
culated the  27  obseivations  in  the  Table,  foi  med  27  equations  simil  u  to  the 
thiee  formed  befoie,  then  he  added  nine  of  them  togethei,  and  thus  foimed 
the  following  equ  itions 

9£-118°  8' =  H  8,49870 -0,79320  xsm  t 
96-140  17  =  -6,11040+l,7443ffxsm  t 
9&-127  32  =+2,7877a  + 7,9649a  xsm  t 

In  the  forming  oi  these  equations,  nine  equations  weie  taken  foi  the  fust,  so 
as  to  make  the  positfve  coefficient  of  a  as  gieat  is  possible  ,  nine  foi  the  se- 
cond, to  make  the  negative  coefficient  the  gicatest ,  and  the  thud  was  foimed 
fiom  the  othei  nine  By  this  means,  when  we  exteimmate  all  but  a,  its  co- 
efficient will  be  the  greatest,  and  will  give  the  most  accuiate  value  of  a  Pio- 
ceeding  theiefoie  as  befoie,  we  get  fl  =  89',9  =  1°  30'  veiy  neaily,  diffcung  30' 
fiom  the  othei  deteimmition,  which  cannot  be  consideied  so  ice  mate  as  this, 
4=  14°  33',  the  same  as  befoie ,  /=  -3°  45',  giving  the  longitude  of  the  node 
of  the  lunai  equitoi  about  as  much  less  as  the  othei  gave  it  gicatei  This 
value  of  a  gives  the  inclination  of  the  moon's  axis  to  the  plane  of  its  oitot= 
6°  39'  And  as  the  longitude  of  the  node  of  the  moon's  oibit  at  the  bcgin- 
ing  of  1748,  was  10s  18°  56',  that  of  its  equator  was  10s  15°  11 

Inthejreai  1763,  M  de  la  LANDF,  in  the  month  of  Octobei  lepeated  these 
obseivatfciw,  and  found  the  inclination  to  be  1°  43',  and  the  declination  oi 
Mamhus  14°  35',  lie  thinks  this  detcimmation  is  moie  to  be  depended  upon 
than  that  horn  the  obseivations  of  MAYER  He  also  found  the  distance  of  the 
nodes  of  the  moon's  oibil  and  equatoi  to  be  about  2°,  it  a  time  when  the  dis- 
tance of  the  node  of  the  lunai  oibit  was  60°  fiom  the  place  wheie  it  >\  is  in 
1748  We  may  tliciefoie,  with  CASSINI,  conclude,  tint  Hie  node*  oj  the  lunai 
cqualoi  agtee  >wt£h  the  mean  place,  of  the  node*  of  the  hmar  orbit,  and  conse- 
quently thctr  mean  motion**  are  Ike  same  f  a  veiy  lemaikible  cucumstmcc 

398  The  values  of  v  B  and  v  N  being  known,  we  know  N£  the  lono  itudc 
ot  M,  and  its  latitude  MB  being  also  known,   togethei  with  the  ingle  J1NL, 
we  can  (39$)  find  the  light  ascension  NL  of  Minihus      Hence,  compute  the 
light  ascension  it  any  inteivals  of  time,  and  it  ippeais  that  thought  ascension 
mcieascs  umfonnly,  tiieiefoie  tlie  lotation  of  the  moon  about  its  a\is  is  umfoim, 
and  consequently  is  peifonned  (355)  in  27c?  7A  43'  li",5 

399  As  If  is  a  fr«d  point  upon  the  moon's  suifacc,  if  the  light  ascension  of 
iny  othei  poutfe|ti mated  fiom  L  be  found,  and  also  its  declination,  the  situa- 
tion of  that  point  yill  be  known      Thus  we  might  lay  down  the  ngiue  of  the 
lunai  disc 

On  the  Rotation  o/  the  Planets 

400  The  Georgian  is  at  so  gieat  a  distance,  that  4stionomeis,  with  then 
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best  telescopes,  have  not  been  able  to  discovei  whether  it  has  any  i evolution 
about  its  axis 

401  Satuin  was  suspected  by  CASSINI  and  FATO,  in  1683,  to  have  a  levolu 
tion  about  its  axis ,  foi  they  one  day  saw  a  blight  streak,  which  disappeaied  the 
next,  when  inothei  came  into  view  neai  the  edge  of  its  disc ,  these  stieaks  aie 
called  Belts  In  1719,  when  the  nng  disappeaied,  CASSINI  saw  its  shadow 
upon  the  body  of  the  planet,  and  a  belt  on  each  side  paiallel  to  the  shadow 
When  the  ring  was  visible,  he  peiceived  then  cuivatuie  was  such  as  agieed 
with  the  elevation  of  the  eye  above  the  plane  of  the  irng  He  consideied  them 
as  similai  to  oui  clouds  floating  in  the  atmospheie  9  ind  having  a  curvatuie 
similai  to  the  extenoi  ciicumfeience  of  the  ring,  he  concluded  that  they  ought 
to  be  neaily  at  the  same  distance  fiom  the  planet,  and  consequently  the  atmo- 
spheie  of  Saturn  extends  to  the  ring*  Di  HEESCHEL  found  that  the  ai- 
langement  of  the  belts  always  followed  the  dnection  of  the  ring,  thus,  as  the 
img  opened,  the  belts  began  to  show  an  mcuivature  answenng  to  it  And 
dmmg  his  obseivations  on  June  19,  20  and  21,  1780,  he  saw  the  same  spot  in 
three  diffeient  situations  He  conjectured  theiefoie,  that  Satuin  levolved  about 
an  axis  peipendiculai  to  the  plane  of  its  img  Anothei  argument  m  defence 
of  this  is,  that  the  planet  is  an  oblate  spheioid,  having  the  diameter  in  the  ddiec- 
tion  of  the  img  to  the  diametei  peipendiculai  to  it  as  about  11  10,  accoidmg 
to  Di  HERSCHEL,  the  measmes  weie  taken  with  a  wne  rmciometei  piefixed 
to  his  20  feet  reflectoi  The  tiuth  of  his  conjectuie  he  has  now  veiified,  hav- 
ing deteimmed  that  Satuin  i  evolves  about  its  axis  in  10k  16'  0",4  Phil  Trans 
1794  The  lotation  is  accoidmg  to  the  oidei  of  the  signs 

402   Jupiter  is  obseived  to  have  belts,  and  also  spots,  by  which  the  time  of 
its  lotation  can  be  veiy  accuiately  ascertained      M  CASSINI  found  the  tune  of 
lotation  to  be  9h   56',  fiom  a  lemaikable  spot  which  he  obseived  in  1665     In 
Octobei  1691,  he  obseived  two  bnght  spots  almost  as  bioad  as  the  belts ,  and 
at  the  end  of  the  month  he  saw  two  moie,  and   found  them  to  i  evolve  in  9k 
51' ,  he  also  obseived  some  othei  spots  neai  Jupitei's  equatoi,  which  levolved 
in  9h  50',   and,  m  geneial,  he  found  that  the  neaiei  the  spots  were  to  the 
equatoi,  the  qmckei  they  revolved      It  is  piobable  theiefoie  that  these  spots 
are  not  upon  Jupitei's  suiface,  but  in  its  atmospheie,  and  foi  this  leason  also, 
that  seveial  spots  which  appealed  lound  at  fust,  grew  oblong  by  degrees  in  a 
dii action  paiallel  to  the  belts,   and  divided  themselves  into  two  01  thiee  spots 
M  MARALDI,  from  a  gieatmany  obseivations  of  the  spot  observed  by  CASSINI 
in  1665,  found  the  time  of  lotation  to  be  9h  56',  and  concluded  that  the  spots 
had  a  dependence  upon  the  contiguous  belt,  as  the  spot  had  nevei   appealed 
without  the  belt,  though  the  belt  had  without  the  spot     It  continued  to  ap- 
peal and  disappeai  till  1694,  and  was  not  seen  any  moie  till  1708 ,  hence  he 
concluded,  that  the  spot  was  some  effusion  fiom  the  belt,  upon  a  fixed  place  of 
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Jupitei's  body,  foi  it  always  appealed  in  the  same  place.  Di.  HERSCIIEL  found 
the  time  of  lotation  of  diffeient  spots  to  vaiy,  and  that  the  time  of  revolution 
of  the  same  spot  diminished;  foi  the  spot  obseived  m  1778  levolved  as  follows* 
Fiom  Februaiy  25  to  Mai ch 2, in  9h.  55'.  20" ;  fiom  Maich  2  to  the  14th,,  in  9L 
54!.  53" ,  fiom  Apnl  7  to  the  12th,  in  9/>.  51'.  35".  Also,  fiom  a  spot  obseived 
in  1779,  its  lotatiou  was,  fiom  Apul  14  to  the  19th,  in  9h.  51'.  45" ;  from  Apul 
19  to  the  23d,  in  9/jf  50'.  48".  This,  he  obseives,  is  agreeable  to  the  theory  of 
equinoctial  winds,  as  it  may  be  some  time  befoie  the  spot  can  acquiie  the  velo- 
city of  the  wind;  and  if  Jupiter's  spots  should  be  observed  m  different  paits 
of  its  yeai  to  be  accelciated  and  letaided,  it  would  amount  almost  to  a  demon- 
stiation  of  its  monsoons,  and  then  penodical  changes.  M,  SCHROETER  makes 
the  time  of  lotation  9fi.  55'.  36",6 ,  he  obseived  the  same  variations  as  Di* 
HEBSCIIEL.  The  lotation  is  accoidmg  to  the  oidei  of  the  signs.  This  planet 
is  obseived  to  be  flat  at  its  poles.  Di  POUND  measmed  the  polar  and  equa- 
tonal  diameteis,  and  found  them  as  12  p  is.  Mr.  SHORT  made  them  as  13 
14.  Di.  BRADLEY  made  them  as  12,5  :  19,5.  Sn  L  NEWTON  makes  the  latio 
9i  :  10i  by  theory.  The  belts  of  Jupiter  aie  generally  paiallel  to  its  equatoi, 
which  is  very  ncaily  parallel  to  the  ecliptic;  they  are  subject  to  great  vana- 
tions,  both  m  icspect  to  theii  number  and  figure,  sometimes  eight  have  been 
been  at  once,  and  at  other  times  only  one ;  sometimes  they  continue  for  three 
months  without  any  variation,  and  sometimes  a  new  belt  has  been  foi  mod  in 
an  hour  or  two.  Fiom  their  being  subject  to  such  changes,  it  is  very  piobabJe, 
that  they  do  not  adheie  to  the  body  of  Jupiter,  but  exist  in  its  atmosphere. 

403.  GALILEO  discoveied  the  phases  of  Man  ;  aftei  which,  some  Italians, 
in  1636,  had  an  impeifecl  view  of  a  spot.  Bui  in  1666,  Di.  HOOK  and  M, 
CASSINI  discoveied  some  well  defined  spots;  and  the  lattci  dctei  mined  the  tune 
of  the  lotation  to  be  24A.  40'.  Soon  aftei,  M.  MAKALDI  obseived  some  spots, 
and  determined  the  time  of  lotation  to  be  24/j.  39'.  He  also  obseived  a  very 
bright  part  near  the  southern  pole,  appealing  like  a  polar  zone ;  this,  he  says, 
has  been  obseived  for  60  years  j  it  is  not  of  equal  bnghtness,  more  than  one 
half  of  it  being  biightci  than  the  icst;  and  that  part  which  is  least  bnght, 
is  subject  to  great  changes,  and  lias  sometimes  disappeared.  Something  like 
this  has  been  ftsen  about  the  north  pole.  The  rotation  is  made  according  to 
the  order  of  the  signs.  Dr.  HERSCIIEL  makes  the  time  of  a  sidereal  revolution 
tobe24A.  39',  2l",67*  without  the  piobabihty  of  a  greater  eiror  than  2"$84. 
He  proposes  to  foul  the  time  of  a  sidereal  levolution,  in  order  to  discover,  by 
future  observatU»|J,  'whether  there  is  any  alteration  in  the  time  of  the  ievolu« 
tion  of  the  earth,  or  of  the  planets,  about  their  axes ,  foi  a  change  of  cither 
would  thus  be  discovered.  He  chose  Mars,  because  its  spots  are  permanent. 
See  the  Phil  Trans.  1781.  Fiom  further  observations  upon  Mars,  which  he 
published  in  the  Phil  Trans.  1784,  he  makes  its  axis  to  be  inclined  to  the 
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cdiptic^9°,  42;  and  61°,  is',  to  its  oibit ;  and  the  north  pole  to  be  dnected  to 
17°.  47'  of  Pisces  upon  the  ecliptic,  and  19°.  28'.  on  its  oibit.  He  makes  the 
latio  of  the  diamctcis  of  Mais  to  be  as  16  :  15.  Dr.  MASKELYNE  has  care- 
fully observed  Mars  at  the  time  of  opposition,  but  could  not  perceive  any 


t     diffeience^ifi  its  diameteis.     Di.  HERSCHEL  obseives,   that  Mars  has  a  consi- 
dei able  atmosphere. 

404.  GALILEO  fust  discovered  the  phases  of  Venus  in  1611,  and  sent  the  dis- 
coveiy  to  WILLIAM  de*  MEDICI,  to  communicate  it  to  KEPLER.     He  sent  it  m 
this  cyphcra  H&c  immature  a  me  Jrustra  kgunlur,  o,  y3  which  put  in  ordei,  is, 
Cynthia  Jiguras  cemulatur  mater  amorwn*,  that  Is,  Venus  emulates  the  phase®  qf 
the  moon.     He  aftei  wards  wrote  a  letter  to  him,  giving  an  account  of  the  disco- 
veiy,  and  explaining  the  cypher.     In  1666,  M.  CASSINI,  at  a  time  when  Venus 
was  dichotomised,  discovered  a  blight  spot  upon  it  at  the  sti  aight  edge,  like 
some  of  the  bright  spots  upon  the  moon's  suiface  9  and  by  observing  its  motion* 
which  was  upon  the  edge,  he  found  the  sidereal  tune  of  rotation  to  be  <23L  iff. 
In  the  year  1726,  BIANCHINI  made  some  observations  upon  the  spots  of  Venus, 
and  asserted  the  time  of  lotation  to  be  24]  days,  that  the  noith  pole  answeied 
to  the  20th  degiee  of  Aqtiaiius,  and  was  elevated  15°.  01  20°,  above  its  orbit  j 
and  that  the  axis  continued  parallel  to  itself.     The  small  angle  which  the  axis  of 
Venus  makes  with  its  oibit,  is  a  smgulai  circumstance  ;  and  must  cause  a  veiy 
gieat  vanety  in  the  seasons.     M.  €<\SbiNi,  the  Son,  has  vindicated  his  Father, 
and  shown  from  BIANCHINI'S  obseivations  being  inteirupted,  that  he  might 
easily  mistake  different  spots  fbi  the  same;   and  he  concludes,  that  if  we  sup- 
pose  the  periodic  time  to  bo  23h.  20',  it  agrees  equally  with  their  observations  j 
but  if  we  take  it  24}  days,  it  will  not  at  all  agree  with  his  Father's  observa- 
tions.    M.  SCITROETER  has  endeavoured  to  show  that  Venus  h$,s  an  atmosphere, 
fiom  obseivmg  that  the  illuminated  limb,  when  horned,  exceeds  a  semicncle ; 
this  he  supposes  to  anse  fiom  the  icfi action  of  the  sun's  lays  through  the  atmo- 
sphere of  Venus  at  the  cusps,  by  which  they  appear  piolonged.     The  cusps 
appealed  sometimes  to  run  15°.  19'.  into  the  dark  hemisphere  ;  fiom  which  he 
computes  that  the  height  of  the  atmosphere  to  icfiact  such  a  quantity  of  light 
must  be  15156  Pans  feet.     But  this  must  depend  on  the  natme  and  density 
of  the  atmospheie,  of  which  we  are  ignorant.     Phil  Trans.  17§2,     He  makes 
the  time  of  rotation  to  be  2SA.  21',  and  concludes,  fiom  his  observations,  that 
there  are  considerable  mountains  upon  this  planet     Phi  Trans.   1795*     Dr. 
HERSCHEL  agrees  with  M.  SCHROETER,  that  Venus  has  a  cofflli^eiable  atmo- 
sphere j  but  he  has  not  made  any  observations,  by  which  he  can  deteimme, 
either  the  time  of  rotation,  01  the  position  of  the  axis.     PJuL  Trans.  1793. 

405,  The  phases  of  Mercury  aie  easily  distinguished  to  be  like  those  of  Venus; 
but  no  spots  have  yet  been  discovered  by  which  we  can  ascertain  whether  it  has 
any  rotation*  g 
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406.  There  is  reason  to  believe  that  the  satellites  of  Jupiter  and  Saturn  re- 
volve about  their  axes ;  for  the  satellites  of  the  former  appeal  at  diffeient  times  to 
be  of  very  different  magnitudes  and  brightness.  The  fifth  satellite  of  Saturn 
was  observed  by  M.  CASSINI  foi  seveial  years  as  it  went  thiough  the  eastern  pait 
of  its  orbit  to  appear  less  and  less,  till  it  became  invisible  ,  and  in  the  western 
part  to  increase  again.  These  phenomena  can  haidly  be  accounted  foi,  but  by 
supposing  some  parts  of  the  surfaces  to  be  unfit  to  leflect  light,  and  theiefoie 
when  such  parts  are  tuined  towards  the  earth,  they  appear  to  glow  less,  or  to 
disappear.  As  the  same  appearances  of  this  satellite  returned  again  when  if 
came  to  t$e  same  part  of  its  oibit,  it  affords  an  aigument  that  the  time  of  the  ro- 
tation about  its  axis  is  equal  to  the  time  of  its  revolution  about  its  primary,  a 
circumstance  similai  to  the  case  of  the  moon  and  eaith.  See  Di.  HERSCHEL'S 
account  of  this  in  the  PhiL  Trans.  1792.  The  appeaiance  of  this  satellite  of 
Satuinis  not  always  the  same,  and  theiefoie  it  is  piobable  that  the  daik  paits 
are  not  permanent* 


CHAR  XX 

ON  THE  SATELLITES. 

Ait  407.  ON  Januaiy  85  1610,  GALILEO  discovered  the  fom  satellites  of  Ju«> 
piter,  and  called  them  Medtcea  Sidera,  or  Medtcean  Stars,  m  honor  of  the  fa- 
mily of  the  MEDICI,  his  patioiv.  This  was  a  discoveiy,  veiy  impoitant  in  its 
consequences,  as  it  furnished  a  leady  method  of  finding  the  longitudes  of 
places,  by  means  of  thai  eclipses,  the  eclipses  led  M.  ROEMEE  to  the  dis- 
covciy  of  the  piogiessive  motion  of1  light  j  and  hence  Di.  BEADLEY  was  enabled 
to  solve  an  appaient  motion  in  the  fixed  stars,  which  could  not  otheiwise 
have  been  accounted  for. 

408.  The  satellites  of  Jupiter  in  going  fioni  the  west  to  the  east  aie  eclipsed 
by  the  shadow  ot  Jupitei,  and  as  they  go  fiom  east  to  west  are  observed  to  pass 
ovei  its  disc  ,  hence  they  i  evolve  about  Jupitei,  and  in  the  same  direction  as 
Jupitei  i evolves  about  the  sun.  The  thiee  fiisi  satellites  aie  always  eclipsed, 
when  *hoy  me  in  opposition  to  the  sun,  and  the  lengths  of  the  eclipses  aie  found 
to  be  dilierent  at  chifeient  times,  but  sometimes  the  fouith  satellite  passes 
though  opposition  without  being  eclipsed.  Hence  it  appeals,  that  the  planes 
of  the  orbits  do  not  coincide  with  the  plane  of  Jupiter's  oiht,  for  in  that  case, 
they  would  always  pass  though  the  centci  of  Jupitei  *s  shadow,  and  there  would 
always  be  an  eclipse,  and  of  the  same,  or  vciy  nearly  the  same  duration,  at 
eveiy  opposition  to  the  sun.  As  the  planes  of  the  orbits  which  they  describe 
sometimes  pass  though  the  eye,  they  will  then  appear  to  describe  stiaight  lines 
passing  though  the  ccntei  of  Jupitei ;  but  at  all  other  times  they  wifl  appear 
to  clcscnbe  ellipses,  of  which  Jupiter  is  the  centci. 


On  the  Periodic  Time*,  and  Distances  of  Jupiter's  Sattttiles. 

409.  To  get  the  times  of  then  mean  synocbc  revolutions,  or  of  their  revolu- 
tions in  lespect  to  the  sun,  obseive,  when  Jupitei  is  in  opposition,  the  passage 
of  a  satellite  over  the  body  of  Jupitei,  and  note  the  time  when  it  appeals  to  be 
exactly  in  conjunction  with  the  center  of  Jupiter,  and  that  will  be  the  time  of 
conjunction  with  the  sun.  Aftei  a  consideiable  mteival  of  time,  icpeat  the 
same  obseivation,  Jupitei  being  in  opposition,  and  divide  the  inteivaj  of  time 
by  the  number  of  conjunctions  with  the  sun  m  that  mteival,  and  you  get  the 
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435d.  14h.  13\    Therefore  after  an  interval  of  437  days,  the  three  first  satel- 
lites return  to  their  lelative  situation  within  nine  minutes. 

416.  In  the  return  of  the  satellites  to  their  mean  conjunction,  they  descube 
a  revolution  in  their  orbits  together  with  the  mean  angle  a°  descnbed  by  Jupi- 
ter in  that  time ,  theiefore  to  get  the  periodic  time  of  each,  we  must  say,  360° 
+  a°    360°    time  of  a  synodic  revolution  .  the  time  of  a  periodic  levolution ; 
hence  the  periodic  times  of  each  are  ; 


First 

Second 

Third 

Fourth 

1".  18".  27'.  33" 

3d.  13\  13'.  42" 

7d.  3\  42'.  33" 

16*.  16h.  32'.  8" 

417*  The  distances  of  the  satellites  from  the  centei  of  Jupiter  may  be  found 
at  the  time  oi  their  gieatest  elongations,  by  measuring,  with  a  micrometer,  at 
that  time,  then  distances  from  the  center  of  Jupiter,  and  also  the  diametei  of 
Jupitei,  by  which  you  get  then  distances  in  teuns  of  the  diameter.  Or  it  may 
be  done  thus.  When  a  satellite  passes  ovei  the  middle  of  the  disc  of  Jupiter, 
obseive  the  whole  time  of  its  passage,  and  then,  the  time  of  a  revolution  :  the 
time  of  its  passage  over  the  disc  :•  360°  :  the  arc  of  its  orbit  corresponding  to 
the  time  of  its  passage  ovct  the  disc ;  hence,  the  sine  of  half  that  arc  -  radius 
::the  semidiameter  of  Jupiter  ;  the  distance  of  the  satellite.  Thus  M.  CASSINI 
determined  their  distances  in  terms  of  the  semidiametcr  of  Jupiter  to  be,  of 
iheflrst  5,67,  of  the  second  9,  of  the  third  14,38,  and  of  the  fourth  25,3. 

418.  Oi  having  determined  the  periodic  times  and  the  distance  of  one  satel- 
lite, the  distances  of  the  other  maybe  found  from  the  proportion  of  the  squares 
of  the  periodic  times  being  a«  the  cubes  of  their  distance.  Mr,  POUND,  with  a 
telescope  15  fetet  long,  found,  at  the  mean  distance  of  Jupiter  fiom  the  earth, 
the  greatest  distance  of  thu  fourth  satellite  to  be  8'.  16";  and  by  a  telescope  123 
feet  long  he  found  the  greatest  distance  of  the  third  to  be  4'.  42";  hence,  the 
greatest  distance  of  the  second  appears  to  be  2'.  56"  47'",  and  of  \hzjirst  1'.  51". 
6"'.  Now  the  diameter  of  Jupiter,  at  its  mean  distance,  was  dctcimmed,  by 
Sir  I.  NEWTON,  to  be  37"| ;  hence,  the  distances  of  the  satellites,  in  terms  of 
the  semidiameter  of  Jupiter,  come  out  5,965;  9,494;  15,141,  and  26,63  re- 
spectively. Pnn.  Math.  Lib.  ter.  Phcen. 

Hence,  byHbaowing  the  greatest  elongations  of  the  satellites  in  minutes  and 
secotwia,  we  get  their  distances  fiom  the  center  of  Jupiter  compared  with  the 
mean  distance  of  Jupiter  from  the  earth,  by  saying,  the  sine  of  the  greatest 
elongation  of  the  satellite  ;  radius:,  the  distance  of  the  satellite  from  Jupiter  : 
the  mean  distance  of  Jupiter  from  the  earth. 
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On  the  Equations  of  Jupiter9 s  Satellites* 

419.  The  conjunction  of  the  satellites  with  the  sun,  and  their  eclipses,  can- 
not (411)  letuin  at  equal  intervals  of  time,  on  account  of  the  unequal  motion 
of  Jupiter,  which  constitutes  the  gxeatest  inequality ,   because  these  intervals 
are  equal  to  a  revolution  in  their  oibits  increased  by  the  time  of  describing  an 
angle  equal  to  that  which  Jupitei  has  described  in  these  intervals,  which  angle 
is  variable*     The  tiue  conjunctions  compared  with  the  mean  may  theiefore 
vary  by  twice  the  greatest  equation  of  Jupiter's  oibit,  or  by  11°,  8'.  2"  accoid- 
ing  to  M*  WARGENTIN  ;  because  Jupiter  in  one  pait  of  its  oibit  will  be  5°. 
34'.  I"  behind  its  mean  place,  and  in  another  pait  5°.  34'.  l"  befoie  it     To  find 
tins  inequality,  or  equation,  in  time,  say,   360°  ;  5°*   34'.  1":  a  synodic  revo- 
lution ;  the  equation   answering  to  the  greatest  equation  of  Jupiter's   oibit, 
which  is  found  to  be  39'.  22*,  Ik.  19'.  13",  2/L  39'.  42",   and  67*.  12'.  59"  for  the 
fiist,  second,  third  and  fourth  satellite  lespectively     This  equation  depending 
on  Jupitei's  anomaly,  has  (411)  for  its  argument  A  the  mean  anomaly  of  Ju- 
pitei,    But  as  the  excentucity,  and  consequently  the  gieatcst  equation  of  Ju- 
piter's orbit,  is  subject  to  a  change,  this  equation  must  also  be  vanable*      M. 
CASSINI  fiist  employed  this  equation  m  calculating  the  eclipses. 

420.  Another  equation  anses  from  the  piogresswe  motion  of  light.      When 
the  earth  is  at  T  and  Jupiter  in  opposition  at  A9  the  eclipse  begins  sooner  by 
16'*  15"  than  when  the  earth  is  at  N9  and  Jupiter  at  A,  light  taking  that 
time  to  move  over  the  diameter  of  the  earth's  oibit**      If  theiefore  we 
suppose  Jupiter  to  revolve  about  the  sun  m  a  circle  at  its  mean  distance, 
and  v  and  w  be  the  places  of  the  eaith  when  at  its  mean  distance  fiom  Ju- 
piter, whilst  the  eaith  is  in  the  pait  vNw  of  its  oibit,  the  light  fiom  the  satellite 
comes  later  to  the  eaith,  than  when  at  its  mean  distance  ,  and  when  the  earth 
is  in  the  pait  wTv9  the  light  conies  sooner,   consequently  the  eclipse  happens 
later  in  the  former  case,  and  sooner  in  the  latter 9  than  it  would,  if  the  earth 
weie  at  its  mean  distance.     This  diffeience  constitutes  the  jirst  and  greatest 
equation  of  light ;  it  is  nothing  when  Jupiter  is  at  ltd  mean  distance  liom  the 

*  M  CASSINI  fiut  subpected  that  light  was  progressive,  from  obsei  vuig  that  the  immersions  oi  thr 
fast  satellite,  as  they  arc  observed  iiom  ttu  conjunction  of  Jupiter  to  Ub  opposition,  tool  place  soouei 
and  sooner  in  respect  to  the  computed  time  ,  ami  that  the  emeisions,  as  they  die  obseuetl  fiom  oppo- 
sition to  conjunction,  took  place  later  and  Litei  But  he  peiceived  that  if  he  admitted  Him  loi  the  fn  * 
fcdlelhte,  it  must  be  admitted  foi  the  three  others,  which  did  not  appeal  to  him  to  iccjiiue  tins  equa- 
tion ,  he  therefoie  gave  up  the  idea  M  llomm  did  not  thiuU  th4t  M,  C\s  ^\\  objection  to  the 
tuogtessive  motion  of  Jight  vyas  well  founded,  he  tlwefoie  adopted  the  idea,  and  e  itaUwhuJ  tte  fart, 
))i  UM  n  y  observed,  that  it  was  necessary  to  allow  for  the  motion  of  li^iu  in  tin  other 
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earth,  and  is  at  its  maximum  when  Jupiter  Is  m  conjunction  and  opposition,  at 
which  time  its  quantity  is  half  16'.  15%  or  8'.  7",5-     This  equation  is  subti ac- 
tive in  vNw,  and  additive  in  wTv ,    and  has  foi  its  argument,  the  elongation  of 
Jupiter  from  the  sun.    But  Jupiter  does  not  move  in  a  cucular  orbit ;  and  if  A 
be  the  apogee  and  P  the  pengee,  the  diifeience  between  AS  and  PS  is  such 
that  light  moves  through  PS  in  4'.  5"  sooner  than  it  does  through  AS.    Now 
this  equation  beginning  when  Jupiter  is  at  its  mean  distance,  the  half  of  4'.  5" 
01  2'.  2",5>  is  the  greatest  equation  aiising  fiom  this  cause,  the  excentncity  of 
the  orbit.     Hence,  the  aigument  for  this  equation  is  the  anomaly  of  Jupiter. 
This  equation  is  additive  when  Jupitei  is  at  a  less  than  its  mean  distance,  and 
subtr active,  when  at  a  greater.     This  is  the  second  equation  of  light.     These 
three  equations,  that  is,  the  equation  of  Jupiter's  orbit  (419)  and  the  two  equa- 
tions of  light,  are  manifestly  common  to  all  the  satellites,  the  apparent  times  at 
which  the  eclipses  of  all  the  satellites  happen,  being  equally  affected  by  them. 
But  besides  these  equations,  thcie  are  otheis  which  belong  to  each,  the  manner 
of  determining  which  has  geneially  been,  to  compare  a  gieat  number  of  obsei- 
vations  with  the  calculations,  after  taking  into  consideration  the  pieceding 
equations,  and  the  diffeience  between  such  computations  and  the  observations 
must  give  the  equation  icquned.     Such  an  equation  however  may  be  the  result 
of  several  inequality,  in  which  case  it  must  be  sepaiated  into  several  equa- 
tions ;  and  by  trying  one  set  of  equations  after  another,  and  by  increasing  some 
and  diminishing  others,  or  adding  new  ones,  Astronomcis  have  made  their 
Tables  agice  very  well  with  obsei  vations.    Equations  thus  introduced,  are  called 
ISmpipic.    And  this  is  the  only  way,  where  theic  is  not  proper  data  to  compute 
then  value  fiom  thcoiy,  or  to  scpaiate  them  by.     The  unceitamty  of  the  quan- 
tity of  matter  in  the  satellites,  rondeis  the  theory,  in  estimating  the  effects  of 
the  disturbing  Ibrccs  upon  each  othei,  subject  to  the  same  degree  of  uncer- 
tainty. 

421.  M,  BAILLY,  in  his  JEssai  mr  la  Theorie  des  Satellites  de  Jupiter,  has 
shown,  that  the  inequalities  of  tlwjlrst  satellite  arises  from  the  atti  action  of  the 
second,  which  pioduces  an  equation  of  about  3'.  30"  in  time,  or  of  29',  SO",  on 
the  orbit,  as  was  found  by  M.  WARGENTIN.  In  the  yeai  1719,  Dr.  BRADLEY 
found  that  m  the  yeais  1682,  1695,  1718,  the  eclipse  of  the  first  satellite  lasted 
about  2/j,  20'  j  but  at  the  other  node  in  1677  and  1689,  the  duration  was  only 
2A.  14';  this  appeared  to  indicate,  that  the  motion  of  the  satellite  was  not  uni- 
form, and  consequently  that  the  orbit  might  be  excentnc ;  he  nevertheless  sus- 
pected that  it  arose  from  the  attraction  of  the  second,  as  the  reader  may  see  m 
the  Phil  Trans.  1726.  M.  WARGENTIN'S  Tables,  which  agree  very  well  with 
observations,  contain  this  equation,  M,  BAILLY  and  M.  de  la  GRANGE  examin- 
ed this  matter  very  fully,  and  found  that  all  the  irregularities  of  the  first  satellite 
arose  from  the  attiaction  of  the  second,  and  produced  an  effect  of  about  s'.  SO 
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me.     This  equation  is  as  the  sine  of  the  distance  from  the  point  where  it  is 
ing. 

22.  The  second  satellite  is  subject  to  the  greatest  11  regularities.  It  appeals 
observation,  that  the  equation  amounts  to  about  16$  m  time,  of  which  the 
>cl  is  437  days,  which  indicates  that  it  is  produced  by  the  attiactions  of  the 
and  third,  for  m  that  time  the  three  first  satellites  return  to  the  same  situ- 
t  in  respect  to  Jupitei.  M.  BAILLY  suspected  an  excentncity  of  the  oibit 
a.  motion  of  its  apsides ;  but  this  he  speaks  of  as  a  circumstance  veiv 
tful.  J 

3.  The  third  satellite  has  its  motion  disturbed  by  the  first,  second  and 
la  ;  the  whole  effect  of  these,  accoidmg  to  M.  BAILLY,  produces  an  equa- 
,,16''  1 1  ,  a  cleSiee-  M-  WARGENTIN  makes  it,  fiom  obscuration,  to  be 
1*6"  m  tlu>  Tables  published  in  1759  j  but  m  the  last  edition  of  his  Tables, 
is  employed  thico  equations ;  one  about  2$  of  time,  of  which  the  penod  is 
.lays,  which  he  determined  from  observation,-  the  other  two  are  4'^  and 
f*  time,  and  which  he  determined  also  fiom  observation,  the  penods  of 
_are  about  12£  and  14  yeais.  Peihaps,  says  he,  the  vanation  of  the  ex- 
icity  of  the  orbit  is  subject  to  some  change,  which  may  pioduce  the  two 
equations.  lie  afteiwaids  doubted,  whethei  it  would  not  be  bettei  to  sub- 
e  one  equation  instead  of  these  two.  M.  de  la  LANDE  says,  that  the  thud 
;ion  may  be  suppressed,  and  the  computations  will  then  not  deviate  much 

observation      M.  MARALDI  suspected  that  this  satellite  had  an  equation 

center,  and  that  the  annual  motion  of  its  apside  was  1°.  30'.  M.  BAILLY 
^  calculated  a  great  number  of  observations,  and  compaied  them  with  his 
ry,  after  allowing  foi  all  the  other  equations,  found  it  necessary  to  assume 
r  the  equation  of  its  center;  he  also  found  it  necessary  to  give  a  motion  to  the 
33  of  about  2°  in  a  year ;  but  this  motion  appeared  to  him  to  be  lather  too 
to  satisfy  the  observations.  According  to  his  Theoiy,  the  motion  of  the 
3S  is  2°.  12'.  3",  fiom  the  distmbing  foice  of  the  sun,  and  the  action  of  the 

satellites,  without  taking  into  consideration  the  figure  of  Jupiter,  which 
Iso  cause  a  motion  of  the  apsides.  He  joined  to  the  equation  of  the  cen- 
ve  other  equations  ;  the  fiist  of  25"  from  the  action  of  the  first  satellite ; 
scond  of  4'.  10"  fiom  the  action  of  the  second  ;  the  third  of  i'.  19"  fiom  the 
x  of  the  second,  on  account  of  the  excentncity  of  the  orbit  j  and  lastly, 
there  of  17"  and  59"  fionl  the  action  of  the*fourth.  These  equations,  M! 

--  says,  may  m  ceitam  cases  go  as  far  as  16'.  li",  which  is  very  nearly  16'. 
value  of  the  total  equation  which  had  been  befoie  determined  by  obi 


1C 

ion. 


t.    Dr.  BRADLEY  found  by  obseivation,  that  the  orbit  of  the  fourth  satellite 
Lliptical,  and  made  the  greatest  equation  0°.  48'.    Befoie  this  was  publish- 
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ed,  M  MAEALDI  had  obseived,  that  M  CASSINI'S  Tables  eired  neaily  two 
hours,  and  always  the  same  way,  when  Jupitei  letuined  to  the  same  point  of  its 
oibit ,  and  that  the  eiior  was  nothing,  when  Jupiter  was  at  its  mean  distance 
Tins  might  evidently  anse  fiom  the  excentncity  of  the  oibit,  foi  as  Jupitei 
levolved  about  the  sun  and  earned  the  oibit  of  its  satellite  with  it,  m  one  le- 
volution  of  Jupitei,  the  apsideb  of  the  oibit  of  the  satellite  would  ha\e  had  eveiy 
position  m  lespect  to  the  sun ,  so  that  the  satellite  would  sometimes  come  into 
opposition  to  the  suu  when  it  was  m  its  lowei  apside,  wheie  its  motion  wag  gieat- 
est,  and  theiefoie  the  eclipse  would  happen  sooner  than  if  its  motion  was 
uiufoim,  sometimes  the  eclipse  would  happen  when  the  satellite  was  in  its, 
highei  apside,  and  then  its  motion  being  slowest,  the  eclipse  would  happen 
latei  ,  sometimes  the  eclipse  would  happen  when  the  satellite  was  at  its  mean 
clibtince,  and  then  the  tiuc  motion  being  equal  to  its  mean,  the  time  of  the 
eclipse  would  happen  at  the  time  by  computation  accoidmg  to  its  mean  mo- 
tion  Fiom  a  compauson  of  the  tine  and  mean  place  of  the  satellite  in  its  oibit 
M  MARALDI  found  the  equation  of  the  centci  to  be  55'  56"  Accoidmg  to 
the  Tables  of  M  WARGENHN,  this  equation  amount*  to  lh  0'  so"  The  at- 
tiactions  of  the  othei  satellites  do  not  sensibly  affect  its  motion ,  but  M" 
BAILLY  found  two  01  thice  small  inequalities  ansing  fiom  the  action  of  the  sun 
he  fixed  the  equation  of  the  centei  at  5O'  20",  and  the  motion  of  the  apsides  4  </ 
18"  m  a  year  In  the  yeai  1717,  D!  BEADLEY  found  the  place  of  the  apside  to. 
be  11'  8° ,  but  the  obseivitionsm  1671,  1676  and  1677,  icquiie  the  place  m 
1677  to  be  10'  14°,  hence,  he  fixed  the  motion  at  about  36'  m  a  yeai ,  and 
found  thib  to  agiee  veiy  well  with  obseivations  M  MARALDI  made  the  mo- 
tion of  the  apsides  44'  15'  in  a  yeai ,  and  the  place  of  the  apside  10'  29°  22' 
foi  the  beginning  of  170O,  and  the  mean  longitude  at  that  time  7'  17°  18'  2" 
Upon  this  hypothesis,  he  computed  152  obseivations,  of  which  not  abo^e  30 
diffcicd  moie  than  5}  minutes  fiom  observations,  amongst  which,  4  only  diffei- 
ed  10',  and  only  3  diffeied  13'  Thib  was  neaier  than  could  h  ivc  been  expected, 
considcnng  that  the  distuibmg  foice  of  Saturn  was  not  consideicd  The  mo- 
Uon  of  the  apsides  anscs  paitly  fiom  the  attraction  of  the  sun,  and  paitly  fiom 
the  figuie  of  the  body  of  JupHci  But  it  being  unceitam  whethei  Jupitei  be 
homogeneous,  01  what  is  the  acciuate  ratio  of  *ts  diainetcis,  the  pait  which 
anses  fiom  the  iigme  of  the  planet  inubt  be  veiy  unceitam  M  de  la  PLACE 
found  an  equation  of  l'  54"  (A  a  degiee,  which  depends  on  the  action  of  the 
sun  and  on  the  distance  of  Jupitei  nom  its  aphelion ,  this  is  similai  to  the  an- 
mial  equation  of  the  moon ,  aud  another  of  about  28",  which  answeis  to  the 
evectioti  of  the  moon 

425  M  MARALDI  found  the  excentucity  of  the  oibit,  in  the  mannei  dc- 
scnbed  in  Article  340  In  the  conjunction  on  Apnl  6,  1708,  he  found  the 
place  of  the  satellite  on  its  oibit  to  be  5'  27°  55'  26",  and  on  Maich  3,  1753, 
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to  be  3s  15°  Si'  7",  hence,  the  true  motion  was  9s  17°  55'  41",  but  the  mean 
motion  m  the  same  time  was  9s  19°  13'  5"9orl°  17'  24"  greater    Between  the 
observation  m  1708,  and  one  on  August  4,  1759,  he  found  the  true  motion 
greatest  by  34'  28",  hence,  half  the  sum  of  1°  17'  24"  and  34'  28",  01  £5?  56" 
is  the  gieatest  equation  of  the  oibit  * 

426  The  reduction  of  the  oibit  of  a  satellite  to  the  oibit  of  Jupiter,  fui  mshes 
another  equation  Let  /  be  the  centei  of  the  shadow  of  Juprtei,  Nt  the  oibit 
of  the  satellite,  diaw  Iv  perpendiculai  to  NI  the  plane  of  Jupitei's  oibit,  and/c 
peipendicular  to  Nt,  and  take  Na=NI  The  point  a  is  heie  called  the  con- 
junction of  the  satellite,  that  point  upon  the  oibit  having  (268)  the  same  longi* 
tade  as  the  point  /,  or  Jupitei  ,  at  c  is  the  middle  of  the  eclipse,  and  ac  is  called 
the  Reduction  ,  when  the  satellite  is  at  a  it  is  in  conjunct**  10  lespect  to  the 
oibit  of  Jupiter  The  i  eduction  is  subtractove  when  the  argument  of  latitude  is 
between  0°  and  90°,  and  between  180°  and  270°,  and  addtttoe  foi  the  othei 
two  quadrants 

M  de  la  LANDE,  m  the  last  edition  of  his  Astionomy,  has  given  new  Tables 
of  Jupiter's  satellites,  computed  by  M  de  la  LAMBRE,  fiom  the  theory  of  then 
mutual  attractions,  given  by  M  de  la  PLACE,  in  the  Mem  del'Acad  1784,  17885 
the  theory  gave  the  foim  of  the  equations  ,  the  values  of  the  co  efficients  weie 
deteimmed  from  observation  He  also  introduced  the  effect  ansmg  fiom  the 
disturbing  force  of  Jupitei  In  these  Tables  theie  aie  no  empyiic  equations 
and  M  de  la  LANDE  says  they  give  the  times  of  the  eclipses  to  a  degiee  of  ac- 
curacy, beyond  what  wuld  be  expected  These  Tables  are  given  m  Vol  III, 
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427  Let  S  be  the  sun,  EFihe  oibitof  the  eaith,  7  Jupitei,  dbc  the  oibit  of  no 
one  of  its  satellites  When  the  eaith  is  at  E  before  the  opposition  of  Jupitei  96 
the  spectator  will  see  the  immersion  at  a,  but  if  it  be  the  hist  satellite,  up« 
account  of  its  nearness  to  Jupiter  the  emei&ion  is  nevei  visible,  the  svtellite 
being  then  always  behind  the  body  of  Jupiter ,  the  othei  three  satellites  mm 
have  both  their  nnmei&ions  and  emersions  visibje,  but  tins  will  depend  upon 
the  position  of  the  earth  When  the  eaith  comes  to  JPaftei  opposition,  we  shall 
then  see  the  emersion  of  the  first,  but  can  nevei  see  the  immersion,  and  may 
see  both  the  emersion  and  immeision  of  the  othei  thiee  Diaw  EIr ,  then  &r* 
the  distance  of  the  centei  of  the  shadow  from  the  centei  of  Jupitei  refeired  to 
the  oibit  of  the  satellite,  is  measuicd  at  Jupitei  by  si ,  01  the  ingle  s!r=iEI8 
the  annual  paiallax  The  satellite  may  be  hidden  behind  the  body  at  r  without 
being  eclipsed,  which  is  called  an  Occultation  When  the  earth  is  at  JE9  the  con- 
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junction  of  the  satellite  happens  latei  at  the  eaith  than  at  the  sun  ,  but  when  the 
eaith  is  at  F,  it  happens  sooner 

428  The  diarnetei  of  the  shadow  of  Jupitei  at  the  distance  of  any  of  the 
satellites,  is  best  found  by  obseiving  the  time  of  an  eclipse  when  it  happens  at 
the  node,  at  which  time  the  satellite  passes  thiough  the  centei  of  the  shadow  , 
foi  the  time  of  a  synodic  revolution    the  time  the  satellite  is  passing  thiough  the 
centei  of  the  shadow     360°    the  diameter  of  the  shadow  m  degrees     But 
when  the  fiist  and  second  satellites  are  in  the  nodes,  the  immeision  and  emei- 
fiion  cannot  both  be  seen   Astronomeis  theiefore  compaie  the  immeisions  some 
days  before  the  opposition  of  Jupiter  with  the  emeisions  some  days  after,  and 
then  knowing  how  many  synodic  revolutions  have  been  made,  they  get  the  time 
of  the  tiansit  thiough  the  shadow,  and  thence  the  degrees  conesponding     But 
on  account  of  the  excentiicity  of  some  of  the  orbits,  the  time  of  the  central 
tiansit  must  vaiy    foi  exanple,  the  second  satellite  is  sometimes  found  to  be 
2//   50'  in  passing  thiough  the  centei  of  the  shadow,  and  sometimes  2/j   54', 
this  indicates  an  excentiicity 

429  The  duration  of  the  eclipses  being  veiy  unequal,  shows  that  the  oibits 
are  inclined  to  the  oibit  of  Jupitei  ,  sometimes  the  fourth  satellite  passes  thiough 
opposition  without  suffering  an  eclipse     The  duiation  of  the  eclipses  must 
therefoie  depend  upon  the  situation  of  the  nodes  in  respect  to  the  sun,  just  the 
same  as  m  a  lunar  eclipse  ,  when  the  line  of  the  nodes  passes  thiough  the  sun, 
the  satellite  will   pass   thiough  the  center  of  the  shadow,   but  as  Jupiter 
icvolves  about  the  sun,  the  line  of  the  nodes  will  be  earned  out  of  conjunc- 
tion with  the  sun,  and  the  time  of  the  eclipse  will  be  shoitened,  as  the  satellite 
will  then  dcscube  only  a  choid  of  a  section  of  the  shadow  instead  of  the  di- 
ametci 

430  Let  S  be  the  sun,  I  Jupiter,  Nbnv  the  plane  of  Jupitei  *s  oibit,  Neon 
the  oibit  of  one  of  its  satellites,  N*n  the  line  of  the  nodes  ,  diaw  la,  Ib  per- 
pendicular to  Nn,  and  ab  peipendicuUfc  to  the  plane  Nbnv  ,  and  let  c  be  the 
point  in  opposition  to  the  sun,  and  draw  cd  peipendicular  to  Nbnv     Now 
fixe  angle  alb  is  the  inclination  of  the  oibit  of  the  satellite,  whose  sine  we  will 
call  s,  to  radius  unity,  and  put  r-=.Ia9  then  l     s    r    ab  =  sr  ,   and  if  v  =  the 
sine  of  Nc  the  distance  of  the  node  fiom  opposition,  J     sr    v    ctfrrtosr  the 
latitude  of  the  satellite  at  the  time  of  opposition       Let  AFBG  be  i  section  of 
ithe  shadow  of  Jupiter  whcie  the  satellite  passes  thiough,  NA1B  the  plane  of 
the  oibit  of  Jupiter,  Nmt  the  oibit  of  the  satellite,  and  diaw  Ic  perpendicular 
to  Nt,  then/czitw, 


=  mc 


then  </R*  -  d*=vsr  t  hence, 

jti    • 

s=y  ^    But  #,  r,  and  d  may  be  taken  in  time,  that  is,  d  may  repre- 

sent the  half  duration  of  the  eclipse,  call  that  time  d'>  and  M  may  icpiesent 
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half  the  gieatest  duiation ,  call  this  R'  And  to  find  the  time  the  satellite  is 
in  passing  though  a  space  equal  to  r,  put  *=an  aic  of  57°  17'  45",  which  is 
equal  m  length  to  ladms,  hence,  360°  57°  17'  45"  the  time  of  a  synodic 
i evolution  '  the  time  9'  of  descubing  a  space  equal  to  r,  hence,  s=z 
/  /?'*  fF* 
y~ . —  If  theiefoie  the  semiduration  be  grven,  and  the  place  of  the 

node,  the  inclination  of  the  oibit  will  be  known  ,  and  if  the  inclination  be 
given,  we  have  £=</&* -tfsV*  the  half  duration  This  will  be  a  little  affect- 
ed by  the  distuibmg  foices  of  the  satellites,  and  the  excentricity  of  the  oibits 
M  BAIJLLY  estimates  what  this  distuibmg  foice  is  ,  but  as  it  depends  upon  the 
quantity  of  matter  in  the  satellites,  which  cannot  be  determined  to  a  gieat  de- 
gree of  accuiacy,  any  collection  of  that  kind  must  be  sulgect  to  a  pioportioiial 
degiee  of  en  or 

Ex  On  Novembei  19,  1761,  at  6  o'clock,  the  inclination  of  the  oibit  of  the 
fourth  satellite  was  2°,  36',  and  the  distance  of  the  node  fiom  Jupitei  46°  43' , 
also,  the  gieatest  duration  was  2//  23',  according  to  M  de  la  LANDI  Hence', 
r'=2/e  23',  s=,04536,  ^=,72797,  theiefore  d'^lh  6'  6"  the  half  dmation* 
When  Ic  =  IA,  01  «;#•'  =  #,  the  satellite  will  not  entei  the  shadow,  but  just 
touch  it ,  hence,  0±=5-.  Now  by  the  Table,  to  Ait  466,  it  appeals  that  & 

may  be  repiesented  by  2°  8'  2",  r' being  repiesented  by  57°  17'  45",  Hence, 
f=,8209  the  sine  of  UT  11',  within  whicl^distance  must  the  node  be  from  con! 
junction,  in  order  that  there  may  be  an  eclipse, 

431  Draw  Iv  perpendicular  to  BN ,  then  in  the  right  angled  triangle  lev, 
jf  we  know  Ic  and  the  angle  »7c  (the  complement  of  cIN),  we  shall  know  cJ 
the  distance  fiom  the  middle  of  the  eclipse  to  the  conjunction  of  the  satellite 
The  supposition  that  mt  is  a  straight  line,  pioduces  no  euoi  of  any  conse, 
quence 

432  Hitheito  we  fcive  supposed  the  section  of  the  shadow  of  Jupitei  to  be 
a  circle ,  but  as  Jupiter  is  a  spheioid,  and  not  a  spheie,  and  the  plane  of  its 
equatoi  veiy  neaily  coincides  with  its  oibit,  we  should  considei   the  sec- 
tion  of  the  shadow   as  an  ellipse  and  not  a  cucle,  the  major  axis  of  which 
is  neaily  coincident  with  the   orbit       M    de  la  LANDS  therefore  piopose* 
the  following  conection       Let  AFBG  be  the  section,    supposed  to  be  a 
circle,    AxBz  the  elliptical  section  of  the  shadow,    and  diaw  nm  miallel 
and  TIC',  me  peipendicular  to  Ix     Let  nd  be  half  the  duiation,   then,  upon 
supposition  that  the  section  was  cncular,  the  same  half  duiation  would  be  re- 
piesented  by  me ,  so  that  the  distance  Ic  before  computed    the  true  distance 
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/<?'    (by  thepiopcity  of  the  elhpbe)  7JP    /t ,  hence,  /c'= 


jy>         J  .  _-  ^j,       /  K*  _  d'~l 

consequently  jr=,  x  ^/jR*  —  d*=vsr9  thci  cfoie  $=-jj<i  x  —  --  /—   > 


Jl,  i  md  d  being  cxpicssed  by  JR'}  r'  and  d'  m  time     M  do  h  LANDE  puts 


18  _ 

la.    IF    13     14,  and  thciefoie  s—  —  xy    .      ;  —     To  find  the  inclination 

14  w 

oi  the  01  bit  of  the  fourth  satellite  upon  this  supposition,  M  WARGENIIN  sup- 
posed the  limit  of  the  distance  of  the  node  fiom  conjunction  to  be  55°  1  1'  10"  j 
and  upon  supposition  of  a  cnculai  section,  he  found  the  inclination  to  be  2° 
36'  ?  hence,  by  diminishing  the  sine  of  the  inclination  m  the  latio  of  14  13, 
he  found  the  tine  inclination  of  the  oibit  to  be  2°  24'  51" 

4*33  The  oibit  of  the  sceond  satellite  is  found  to  ehangc  its  inclination,  the 
pcuod  of  which  change  is  SOyeais  M  MARALDI  found  the  least  melinatioa 
at  the  beginning  of  the  ycau  1672,  1702,  1732  and  1762  to  be  2°  48',  and  at 
the  beginning  of  the  ycai8  1687,  1717,  1747  and  1772  he  found  the  gieatest 
inclination  to  be  3°  48'  The  inclination  of  the  oibit  of  the  met  satellite, 
upon  which  he  made  the  motion  of  the  node  of  the  second  depend,  is  3°  1  8', 
calculated  foi  a  cucular  section,  which  is  a  mean  between  the  gieatest  and  least 
inclinations  of  the  oi:bit  of  the  second  This  deteimmation  of  M  MARALDI, 
combined  with  the  hbi  ition  of  the  node,  made  hib  calculation  of  the  eclipses 
agiec  vciy  well  with  observations  ,  foi  of  122  which  he  calc  ilated,  only  12 
diffcied  inoie  th  in  l  minute  Accouhng  to  the  new  Tables  of  M  WAR&INIIN, 
t  ho  least  inchnition  is  2°  46'  md  the  gieatest  3°  46',  upon  supposition  that 
the  section  of  the  shadow  is  i  cnele 

434  This  variation  oi  the  inclination,  of  the  orbit  of  the  second  satellite  aii«cs 
fiom  the  Lbiation  of  its  nodes  M.  MAHALDI,  by  an  observation  on  Octobci 
18,  1714,  found  the  phce  of  the  node  to  be  10  21°  21'  45",  and  by  an 
obseivatwm.  on  September  11,  1751,  he  found  the  ph<  e  of  the  node  to  be  10* 
0°  54'  9",  the  difference  of  which  is  20°  27'  36"  for  the  whole  hbiation  oi? 
the  node,  supposing  that  these  were  the  cxtietnc  pomte  ,  ^ence,  its  half,  10° 
IS'  48"  shows  the  hbution  fioxn  the  mean  place,  which  itaeiefoie  is  10s  11°, 
8'  M  WAROENTIN  makes  it  10'  12°  ifi'  M  de  la  LANDE  fiist  pointed  out 
Hfus  libration  of  the  nodes,  and  the  consequent  change  of  the  inclinations  ol 
th^  efforts  In  consequence  of  this,  M  BULLY  proposed  to  explain  this  motion 
of  the  nodes  ttfjd  vaiiajtxon  of  the  inclination,  in  the  following  mannei,  siinilai 
to  that  fey  whiph  M  d©  la  LAKBJG  explained  the  changes  of  the  inclinations  of 


HG«        -435  Il^t  4C  b^  tjie  oubit  «f  Jupitej?,  CB  the  orbit  of  the  satellite  which 
99      is  djstiubcd  by  tl^Q  Qj^wn  of  att&thjei  ^d^dJite  moving  in  the  orbit  BA,  so 
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that  we  may  suppose  the  oibit  BC  first  to  have  been  m  W&  situation  AB'  ,  the 
angle  B  is  the  mutual  inclination  of  the  two  oibits,  which  is  supposed  to  be 
constant  ,  letAB  be  the  movement  of  the  node  of  the  o«bit  CB  which  is  dis- 
tuibed,  upon  the  othei  oibit  AB,  in  any  given  time  ,  then  AC  is  the  motion  of 
the  node  upon  the  oibit  of  Jupiter  By  Tngonometiy  (Pi  op  45  and  43  }  tan 

An  _  tan  B  x  sm  AB  ,         „  _ 

/fo  —  —  -  —  J15  -  -j  —  -  -  -  -  -  ,  and  cos  C=  —cos  J3  x 
cos,  AB  x  cos    A  x  tan  J3  +  sin  ^r 

cos  A  —  sin  ^4  x  tan  J3xcos  AB  Now  to  deteimme  when  AC  becomes  a 
maximum,  put  y  =  tan  ^C,a?  =  &m  J  73,  a  =  tin  $,  &  =  cos  .4,  m  =  sm  J3.4C; 

/V<M 

then  #=  -    ..      -  .=sa  maximum,  whose   fluxion  being  put=0  and  ie~ 


duced  gives  fc^  1-=^  i^fEj,  the  sine  of  AB,  when 

Vft  tan  *ci 

maximum,  wheie  AB  is  gieater  than  90°,  foi  from  the  tan  of  AC,  it  appeals 
that  AC  increases  till  AB  is  greater  than  90°  The  motion  of  the  node  of  the 
second  satellite  upon  the  orbit  of  the  first  is  found  by  obseivation  to  be  about 
12°  m  a  yeai,  and  therefoie  it  completes  its  revolution  in  30  yeais,  hence, 
at  the  end  of  SOyeais,  the  node  of  £Cupon  the  oibit  of  Jupitei  will  letum  to 
the  same  situation,  and  to  the  same  inclination  Hence,  the  node  C  has  a 
movement  of  hbiation  about  A  ,  if  h  be  the  utmost  limit  of  the  node  of  BC 
fiom  A  on  one  side,  and  a  on  the  other,  the  node  will  hbiate  between  a 
and  b 


436,  The  two  inclinations  A  and  C  are  not  equal  at  the  limits  a  and  lf  for 
as  cos  C=cos  B  x  cos  ^~sm,  A  x  tan  J5  x  cos  AB,  therefoie  when  the  in- 
clmations  become  equal,  cos  C=cos.  .Bxcos.  C-sm  C'xtan  J5xcos  AB> 

hence,  cos  AB=:~~^  ~^~-  ~^,  which  being  negative,  shows  that  AB  is 


s* 


gieatei  than  90°      Also,  sm  AB=:  ^  i  _  .-£2£r±_,  let  us  assume  this 


*  which  is  the  sine  of  AB  when  AC  is  a  maximum,  and  (sup* 
posing  A=  C)  we  deduce  lr=cos<  B\  which  is  absurd,  consequently  the  inclin- 


cos 


ations  aie  not  equal  when  1C  is  a  maximum     Also,  as  */  1  —  - 

^ v         tan  J3*xtan  C* 

as  greatei  than  ^/  1  —••-P-^>  and  both  gieatei  than  90°,  the  two  inclinations 


become  equal  before  the  node  comes  to  its  limits 

437    Fiom  an  eclipse  of  the  third  satellite  on  January  25,  1763,  the  half  du« 
lation  of  which  was  43',  M,  MARA&DI  found  the  inclination  3°.  ftf.  41 ",  sup- 
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posing  the  semulnmRei  of  the  shadow  to  be  Ih  47'  10",  and  to  be  circular 
In  1745,  it  was  found  to  be  gieater  by  7}',  but  fiom  1763  it  his  appealed  to 
dccieasc,  foi  in  1769  it  was  found  to  be  3°  23'  33"  M  de  la  GRANGE  judged 
the  petiod  of  its  augmentation,  to  be  195  yeaib,  M  BAILLY  made  it  200  yeais 
M  W^RGLNTIN  mule  the  least  inclination  to  be  in  1697,  and  the  gicatest  in 
1782  M  MARAIDI  made  the  penod  132  yeais,  finding  the  gieatest  inclina- 
tion in  the  yeais  1633,  1765  to  be  3°  25'  57",  and  the  least  inclination  3°  2' 
m  the  >ear  1697  Upon  this  he  computed  the  inebriation  foi  eveiy  intei  me- 
diate timc>  with  the  hbiation  of  the  node  ansing  fiom  the  atti action  of  the  nrst 
silcllite  But  some  of  his  computations  make  the  diuation  of  the  eclipbc  en  6', 
\\hich  icndtis  his  penod  vciy  imceiUm  M  de  la  LANDE  has  found  the  in- 
clination of  the  thud  sitclhte  by  Ait  435  The  annual  motion  of  the  node  B 
of  the  thud  upon  the  oibit  A 23  af  the  nist  wis  found  to  be  2°  43'  38",2,  and 
thciefoic  it  was  27°  16'  22'  between  the  obseivations  made  m  1763  and  1773, 
a  peiiod  of  10  yeaib,  let  AB^ZV  16'  22',  the  angle  ^  =  3°  14',  and  the! 
angle  #  =  12',  hence,  the  angle  C= 3°  24'  44",  the  inclination  of  the  oibit  of 
the  thud  satellite  m  1773  Also,  AC=l°  32'  24",  the  libiation  in  that  in* 
teival 

438  The  inclination  of  the  oibit  of  the  fomth  satellite  is  2°  36'  accoiding 
to  M  MARALDI,  with  veiy  little,  if  any,  vauation     Di  BRADLPY  made  it  2°, 
42',    M  WARGFNTIN,  in  1781,  found  an  in ci ease  of  1'  01  2'  m  the  five  hbt 
}eais,  and  he  estimated  it  at  2°    38'     M    de  la  LANDE  makes  it  2°  36' ma 
cnculai,  and  2°   24'  5l"  m  an  elliptic il  shadow     The  motion  of  the  nodes  of 
this  satellite,  which  is  4'  19"  in  a  ycai  accoiding  to  M  WARGINJTIN,  ought  to 
produce  a  change  in  the  mchnition,  and  M  BAIILY  thought  tint  in  1720  the 
inclination  was  a  little  diminished,  the  nodes  of  the  hist  and  fouith  satellites 
then  coinciding     M  MARAIDI  could  not  icconcile  the  scmickuation  of  the, 
eclipses  with  any  vanation  of  inclination,  01  motion  of  the  node ,  yet  in  sup- 
posing the  inclination  to  be  constantly  2°  36',  and  the  scmuhametei  of  the  sha- 
dow to  be  2°  8'  2",  and  the  place  of  the  node  in  1745  to  be  4s  16°    11',  with- 
an  annual  piogressivo  motion  of  5'  33't  bib  computation  have  agieod  veiy  well 
with  obseivatifon 

439  M  de  la  PLACE,  has  shown,  thai  the  nodes  of  the  fomth  s^tclhte  have  a 
ictrogiadc  motion  m  a  phne  which  passes  between  Jupitei's  equator  and  oibit, 
inclined  to  the  foiraei  at  about  half  a  degiee     The  plane  of  the  dibit  of  the 
fourth  prcseives  a  constant  inclination  of  14'  01  15',  and  a  ictrogradc  motion  of 
ihe  node1  of  about  85'  m  a  year  upon  this  plane     This  theoiy  will  satisfy  all  the 
observations,  and  explain  why  the  inclination  is  constant,  and  the  motion  of  the 
nodes  direct     Tins  lesults  from  the  action  of  the  sun  and  of  the  othei  satel- 
lites, and  fiom  the  flatness  of  Jupiter 

440  Th&  inclination  of  the  fourth  satellite  being  consideiable,  it  maybe 
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•i 
found  by  finding  the  mmoi  axis  of  the  ellipse  which  ft  appears  to  desciibe 

\\  hen  Jupiter  is  90°  fiom  the  node,  winch  is  done  by  obseivmg  its  appaient? 
distance  fiom  Jupiter  m  its  conjunctions,  which  is  the  seraMmnoi  axis,  and  the 
semi-major  axis  being  the  gieatest  elongation,  the  lattei  is  to  the  foimei  as  ia~ 
dins  to  the  sine  of  the  inclination*. 


On  the  Nodes  of  the  Orbits  of  Jupiter" s  Satellites 

441  Ihe  place  of  the  nolc  may  be  dctei mined  at  the  time  of  the  gieatest 
duiation  of  an  eclipse,  foi  at  that  time  the  plane  of  the  oibit  of  the  satellite 
must  pass  through  the  sun,  and  theiefoie  the  place  of  Jupitei  at  that  time  gives 
the  place  of  the  node      Oi  the  place  of  the  node  may  be  found  by  observing 
two  eclipses  of  the  same  duiation  on  each  side  of  the  node,  m  which  case  the 
place  of  the  node  will  bisect  the  two  situations  of  Jupitei      This  method  sup- 
poses that  Jupitei  has  moved  umfoimly  in  the  mtej  mediate  time,  and  that  the- 
nodes  of  the  satellite  lemimed  fixed      On  Maich  12,   1687,   FLAMSTEAD  ob- 
seived  the  duiation  of  an  eclipse  of  the  thud  satellite  to  be  2/z    33',  Jupitei *j> 
hehocentuc  longitude  at  that  time  being  8'   11°  58'       On  December  6,  I702y 
the  duiation  was  exactly  the  same,  and  the  helioccntnc  longitude  of  Jupitei 
was  0s    15°    2.1',  hilf  the   diffcience  of  these  longitudes  added  to  the  hist 
gives  10s    13°    29'  foi  the  place  of  the  node  neatly      Oi  the  place  of  the  node 
may  be  found  when  the  satellite  passes  in  a  light  line  ovei  the  disc  of  Ju- 
pitei, which  may  be  obseived  by  its  shadow  upon  Jupiter      Tins  we  may, 
deteimme  fiom  the  belts,  a&  the  motion  of  t!?e  satellites  is  veiy  neaily  m  theu 
duection 

442  In  the  yeai  1693,  M  CASSINI,  in  his  Astioii'omy,  places  the  nodes  of  ill 
the  satellites  m  10s   14°   30'     Di   BRADLEY  thought  the  place  of  the  nodes  of 
them  all  in  1718,  to  be  10s   ll°,5     Fiom  obseivations  since,  it  appeals  that 
the  nodes  do  not  ill  coincide     The  node  of  the  first  satellite  is  found  to  be 
m  10s   14°  30',  and  observations  show  that  it  has  no  sensible  motion 

443  According  to  M  WARGENTIN  in  his  fiist  Tables*  the  place  of  the  node 
of  the  second  was  10s    1 1°    48',  fixed  ,  but  m  his  new  Tables  he  gwcs>  at  a  pio- 
giessive  motion  upon  the  oibit  of  Jupiter  of  1°  42',  m,re&pect  to  the  aphelion 
of  Jupitei  m  100  years     M    BAILLY  gives  the  node  a  libiafion  of  9°  2,1'     M 
MARALDI  makes  it  8°.  42' j     M    de  la  GRANGE  malves  it  11°  27'     The  mean 
place  of  the  ascending  node  is  10s   13°  52'  accoidingto  M  MARALDI     The 
nodes  of  the  third  and  fourth  satellite  have  a  like  libration  about  the  nodes  of 
the  first,  whilst  the  nodes  of  the  fiist  have  a  libiatoiy  motion  about  a  point  as 
the  mean  place, 

444,  The  mean  place  of  the  node  of  the  third  satellite  is  constantly  m  10s  14°, 
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#4'  aecor&pg  to  M  "VPABGENTiN  M  MAIIALDI  supposes  it  to  have  a  motion 
of  about  3' in  a  year,  and  as  we  have  seen  (437)  that  the  inclination  is  sub- 
ject to  a  change,  it  may  be  necessaiy  that  the  nodes  should  have  a  motion  to 
account  foi  it 

445  JFiom  the  theoiy  of  atti  action,  Di   BRADLEY  thought  that  the  nodes  of 
thefowth  satellite  ought  to  be  fetiogiade ,  the  motion  would  be  rctiogiade 
fiom  the  attiaction  of  the  sun  only,  but  the  attraction  of  the  othei  satellites  may 
make  it  duect ,  and  obseivattons  show  that  it  is  direct,    Accoiding  to  M  MA- 
RALDI,  its  place  in  1745,  was  4s    16°    11',  \vith  an  annual  motion  of  3'    33" 
M   BAILLY  finds  it  5',  15"f    M  WABGENTIN  placed  the  node  in  1760  in  10s, 
1 6°    39',  and  gave  the  node  an  annual  motion  of  3'  18"  m  lespect  to  the  aphe- 
lion of  Jupitei,  which  gues  4'   15"  in  icspect  to  the  equinoxes 

446  M  BAILLY,  fiom  his  Theoiy,  deduces  the  following  conclusions  lespect* 
jng  the  motion  of  the  nodes  — l    Hie  node  of  the  mst  has  a  hbiatoiy  motion 
about  its  mean  place  of  18',  of  which  the  period  is  30  01  32  yeais — 2    The 
node  of  the  second  hbiates  about  the  same  point,  about  9°    37',  with  a  penod 
of  SO  or  32  years, — 8   The  node  of  the  thud  has  a  hbiatoiy  motion  about  tho 
same  point,  of  about  3°  53',  of  which  the  penod  is  about  200  yeais  — 4   The 
node  of  the  fourth  hbiates  about  the  same  point,  about  12°  or  13°,  with  a  pe- 
nod of  4  01  500  yeais — 5   This  point,  or  the  mean  place  of  the  node  of  tho 
fiist  satellite,  about  which  the  nodes  of  the  othei  satellites  hbrate,  has  a  ictio- 
grade  motion  upon  the  oibit  of  Jupitei  of  S3'  so"  in  a  year,  from  tho  distuib- 
ing  force  of  the  sun,    M,  BAILLY,  fiom  his  Theoiy  of  the  satellites,  Iws  com- 
puted a  set  of  Tables  of  the  motions  of  each 

447  The  ascending  nodes  of  the  oibits  of  all  the  satellites  we  may  consider 
in  101    15°,  in  all  cases  wheie  gicit  iccuiacy  is  not  xequiied     When  Jupiter 
theiefoie  is  in  10'  15°  and  4'    15°,  the  planes  of  the  orbits  pass  thiough  the 
sun,  and  to  a  spectator,  thexe  situated,  the  satellites  would  appeal  to  dcscube 

110  stiaight  lines,  as  AB,  in  the  ducctoon  of  the  belts,  in  any  othei  situation  of 
100  Jupiter,  they  would  appear  to  describe  an  eDipse  AmBn  When  Jupitei  comes 
to  1s  15°  and  7'  15°  the  mmoi  axis  becomes  the  gieatest,  and  in  that  situation, 
the  major  axi&v  mmoi  rad  sine  of  tho  inclination  of  the  oibjt  of  the  planet, 
in  any  other  situation  of  Jupiter,  the  mmoi  axis  is  at  the  sine  of  the  distance 
of  Jupiter  fiom  the  node  As  Jupiter  passes  fiom  10'  15°  to  4s  15°  the  Jurfliest 
semicircle  of  ifoe  oibit  of  tho  satellite  appeals  rao&t  to  the  noith,  01,  as  we  may 
express  at,  highest,  and  theiefoie  it  will  be  lepiesented  by  AmB  t  but  as  the 
planet  passes  from  4*  15°  to  10',  15°  the  nearest  semicucle  will  appear  high* 
est,  and  ttofllWEoTe  it  will  be  repiesented  by  AmB*  Hence  we  may  judge  of 
the  situation  of  the  satellites  in  respect  to  the  position  of  the  belts,  01  to  the 
line  AB ,  a  circumstance  which  we  take  into  consideration  in  the  configura- 
tion of  the  satellites  j  we  will  explain  this  by  the  example  there  given  The 
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heliocentric  longitude  of  Jupiter  is   9'  23P  5',  consequently  AmB  lepresents 
the  «<?flr<wf  semicncle ,   hence,  m  is  the  inferior  conjunction  and  n  the  supenoi, 
ind  theiefore  n  has  the  same  longitude  seen  fiom  Jupifcei,  as  Jupitei  has  fiom 
the  sun ,  that  is,  the  longitude  of  the  point  n  of  the  orbit  of  the  satellite  is  9* 
23°,  omitting  the  minutes ,  hence,  the  longitude  of  A  is  6s  23°,  of  B  0s  23°, 
and  of  m  3s  23°     Describe  the  cncle  Am'JBft,   now  the  longitude  of  the  mst 
satellite  i.  2s  21%  hence,  set  off  JBa  =  2s   21° -0s    23°- 1s  28°,  and  diaw  ats 
peipendiculai  to  AB,  and  s  will  be  the  place  of  the  satellite,  and  6?  the  appa- 
rent elevation  above  the  line  of  the  belts  ,  m  like  mannei  the  situations  of  the 
otheis  maybe  found      If  foiu  figmes  of  a  considerable  size,  and  of  the  piopei 
pi opoihons,  be  thus  descnbed  about  /,   andmeich,  AS    mn    lad      sm  of 
the  inclination  of  the  oibit  x  sine  of  the  distance  of  Jupitei  fiom  the  nodes,  and 
the  ellipse  be  accmately  diawn,  and  the  oibits  divided  into  every  5Q,  the  situa- 
tions of  the  satellites  will,  fiom  inspection,  appeal  sufficiently  accuiate      The 
spectatoi  has  heie  been  supposed  to  be  at  the  sun,  if  he  be  at  the  eaith,   the 
appeaiance  will  be  very  neaily  the  same,  however,  when  Jupitei  comes  near  to 
the  nodes,  it  maybe  consideicdat  what  time  the  planes  of  the  oibits  pass 
through  the  eaith  instead  of  the  sun 

On  tfis  Magnitude*  of  Jupiter'*  Satellites 
* 

448    The  satellites  appeal  so  small  m  the  field  of  view  of  a  telescope,  that 
they  cannot  be  measuied  by  a  miciometei,  then  magnitudes  have  theiefoic 
been  deteimined  fiom  observing  the  times  they  aie  enteung  into  the  shadow 
of  Jupitei,  in  a  cential  eclipse ,  but  this  must  always  give  then  dumeteis  too 
small,  as  we  cannot  tell  the  mstmt  the  satellite  touches  the  shadow ,  a  ceitun 
quantity  of  light  must  be  lost  befoie  the  eclipse  appeals  to  begin,  and  it  must 
become  invisible  befoie  it  be  wholly  immersed  m  the  shadow      Then  magni- 
tudes have  also  been  found  fiom  measiunig  the  dumeteis  of  then  shadows 
upon  the  disc  of  Jupitei ,  01  by  observing  how  long  they  aie  enteung  upon  the 
disc  of  Jupitei  when  they  pass  centially  ovci  it     By  the  obseivations  of  Mi 
IANN  (Phil    Tram  }  Mi   WHISTON  found  that  the  fust  euteied  into  the  sha- 
dow m  1'  10",  the  second  m  2'  20",  the  thud  in  3'  40"  and  the  fowth  in  5'  30', 
when  they  entered  peipendiculaily ,  hence  then?  appaient  diameters  seen  fiom 
the  centei  of  Jupitei  become  known     Fiom  thw  he  deduced  the  magnitude  of 
the  thud  to  be  veiy  nearly  as  big  as  the  earth,  the  fhst  neaily  as  big  ,  the 
second  a  little  less  than  the  first ,  the  fourth  the  least  of  all,  and  a  little  gieatei      ' 
than  the  moon     M  WARGENTIN  compaied  the  shadows  of  the  satellites  upon 
the  disc  of  Jupiter,  from  which  he  found  the  thud  and  fouith  to  be  five  01  six. 
times  gieatei  than  the  fiibt,  and  the  second  to  be  half  as  laige  as  the  first     M 
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MARALDI  having  examined  and  calculated  thiee  obsemtions  of  M  CASSINX 
made  in  1695,  found  that  the  fiist  satellite  enteied  upon  the  disc  of  Jupitei  m 
7',  the  second  in  9'  40",  the  thud  in  12'  6",  and  then  continuance  upon  the 
disc  was  27*  27',  3h  4  2O*  and  3h  43'  38"  lespectively  ,  m  lespect  to  the 
jfouith,  he  concluded  flora  the  Tables  that  it  ought  to  be  15'  m  entenng  upon 
the  disc,  and  5h  m  its  continuance  upon  it  ,  hence  he  deduced  the  diametei 

of  the  third  to  be  —  of  that  of  Jupiter,  and  of  the  thiee  otheis  —     The  dif- 
18  20 

feieuce  of  these  conclusions  shows  that  no  gjeat  dependance  can  bo  placed 
upon  them  The  disappearance  of  a  satellite  will  be  latei  the  bettei  the  teles- 
cope is,  and  it  will  appeal  soonei  M  de  POUCHY  observed,  that  the  dis* 
appeaiance  and  le  appeal  ance  of  the  satellites  depended  on  the  distance  of 
Jupiter  fiom  the  sun  and  eailh  M  de  BARROS  obscived,  that  diffeient  states 
of  the  itinospheie,  diffeient  altitudes,  and  their  distance  fiom  Jupitei  ,  would 
influence  the  times  of  their  appearance  and  disappeaiance  All  these  cir- 
cumstances, so  fat  as  they  cannot  be  consideied,  must  tend  to  rendei  the 
measures  of  their  diameters  veiy  unceitam  Mr  WHISTON  obseives,  that 
the  comparison  of  the  observations  shows  that  the  quantities  are  sometimes 
considerably  larger  than  at  otheis  Longitude  discovered  by  Jupiter1  s  Planets, 
page  5 

The  following  Table  contains  the  diametei  a  of  the  three  first  satellites  as  seen 
from  Jupiter,  according  to  CASSINI,  WHISTON  and  BAILLY  ,  the  fomth  as  de. 
teimined  by  M  de  la  LANDE 


Satel- 
lites 

CASSINI 

WHISTON 

BAILLY 

I 
II 
III 

59'  4" 
38  1 
24  59 

60'  58" 
28    25 
53    40 

60'  20" 
29    42 
22    28 

IV 

13'  32* 

11'   19" 

9'   39" 

449  If  their  diametei  s  could  be  ascertained  to  any  gieat  degree  of  ceitamty, 
quantities  of  matter  would  stdl  be  very  unceitain,  because  their  densities 
ffot  known  Astronomers  have  endeavoured  therefore  to  find  out  their 
quantities  of  matter  from  observing  the  quantities  of  the  effects  produced  by 
their  actions  upon  each  other  Tbrom  supposing  the  masses  of  the  fust  and 
third  equal,  M  de  la  GRANGE  found,  from  the  inequalities  which  they  produce 
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m  the  second,  that  then  masses  weie  0,OOOO6869,  that  of  Jupitei  bem»  - 1    M 
BAII.LY  found  ,t  0,0000638  flora  the  ,ame  supposition  %  ~   ' 

n  the  fiist, 


>  fl,°m,  ltS  6ffeCt  Up°n  the  moveraent  of  the  °<"le  of  the 
0"  "f  thefilSt'1S  accoidl"»t°  M  BATIXY,  0,00007624, 
,,     fi   T"  *"  me1uahtlesof  *e  mobon  of  the  second  supposing 
'      "  °'°000638  '  rt  1S  °>°°00687  accoidmg  to  M   de  l! 

The  mas,  of  the  fomtl,,  from  the  small  effect  ^hch  ,t  h  w  upon  the  thud,  ,S 
not  easdy  to  be  dete.mmed  ,  M  BAILLY  made  it  0,OOOO5 

satdt  ofdr8'  M/AIL«  ,observes'  «P-«ent  very  well  the  motiot,s  of  the 
satellites  of  theu  nodes,  and  the  vanation  of  their  mclmattons  ,  we  may  theie- 

fime  it±e%ihf  tlthey  3le  Felty  aCCUlate'y  CStabhshed>  a«d  «t  the  same 
time  it  pioves  that  the  variation  of  giavHy  accoiding  to  the  mveise  souaie  of 

he  d,stanca  will  explain  all  the  phenomena  of  the  Satellites    T  les^ect  to 
the  motion  of  the  apsides,  that  depends  upon  the  figuie  of  Jupiter,  lts  den  ,ty 
and  how  the  density  may  vary  from  the  centet  to  the  suiface  ,  but  L  thisTun! 
known  the  theo.y  cannot  be  hue  applied      M  B*n  LV  has  howeve,  , 


,  Sid,  =0, 


=0,0000426591 


On  the  Construction  of  the  Epoc^  of  the  Mean  Conjunct^  of  Jupaer's 

450   The  epoch  of  the  mean  conjunction  is  the  moment  when  the  satellite 
arrives  the  fiist  time  eveiyyeai  at  the  mean  place  of  Jupitei,  lectoed  upon 
he  orbit  of  the  satellite,  diminished  by  the  sum  of  the  maxima  of  aU  the  eol 
tioas  (the  equations  being  exposed  m  time),  ln  oidei  to  lender  the    qua^s" 
al  add,t,ve     the  maxima  of  the  equations  being  added  to  the  equations" 
selves  in  order  to  make  up  for  that  subhaction      For  example,  *e  &  st  equ! 
t,on  of  light  at  its  maximum,  ,s  8'  7",5,  the  time  therefole  is    m  the  epoch 
dimimshed  by  this  quantity     Now  let  us  suppose  that  at  the  Ume  we  a  e 
making  any  computation  this  equafaon  of  light  is±4',  then  the  equation,  as  we 
shall  find  it,  „  8'  7",5±4'=12'  7«,S  01  4'  7",5,  both  addittve,  and  th.s 
nrfestly  he  same  as  rf  8'  7",5  had  not  been  subtracted  at  first,  and  the  equatTon 
±4  applied,  what  was  atfi.st  subtracted  being  now  added,  and  as  we  add  the 
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maximum,  the  quantity  by  which  it  is  diminished  can  nevei  lender  it  negative 
It  is  the  same  with  all  the  othei  equations,  except  that  depending  on  the  ex.- 
centncity  of  Jupiter's  oibit,  which  being  vanable,  does  not  admit  of  thi^» 
method    All  the  epochs  aie  thus  put  down,  and  the  computations  aie  icndeied 
moie  easy  and  simple  by  making  the  equations  additive 

451  To  find  the  epoch  for  any  yeai,  we  will  take  and  explain  that  Example 
which  is  given  by  M  de  la  LANDE  111  the  last  edition  of  his  Astionomy,  Vol 
III  pag  185  On  Januaiy  2,  1764,  the  fiist  satellite  was  eclipsed,  the  emer- 
sion of  which  was  at  10/z  27'  44'  mean  time,  at  Pans  Now  to  make  the  equa- 
tion of  time  always,  additive,  we  must  subtract  14'  42"  which  is  the  gieatest 
equation  subtiaetive,  and  we  have  107?  IS'  2"  foi  the  time  of  the  emeision,  ac- 
cording to  the  construction  of  M  WARGENTIN'S  Tables 

The  distance  fiom  the  node  was  60°  17',  the  semidiameter  of  the  shadow 
Ih  7'  55",  and  the  inclination  of  the  oibit  3°  IS'*,  hence,  (430)  the  scmidu- 
lation  of  the  eclipse  wis  Ih  4'  51",  therefoie  the  time  of  the  middle  of  the 
eclipse  was  9/z  8'  11"  Fiom  tins  we  must  deduce  the  lime  of  the  mean  coil- 
junction,  by  applying  all  the  equations  for  that  time 

The  mean  anomaly  of  Jupitei  was  about  7'  8°,5,  and  the  equation  of  its  oibifc 
was  4°  51'  30"  additive,  which  convci  ted  into  time  (419)  accoidmg  to  the  mo- 
tion of  the  satellite,  gives  the  equation  34'  39"  to  be  subtracted  fiom  the  middle 
of  the  eclip&c,  and  hence  there  lemains  8/1  33'  32" 

Fiom  Ait  420,  the  m iximum  of  the  Jint  pait  of  the  equation  of  light  is  8' 
7",5  ,  but  at  the  time  of  the  eclipse  the  equation  was  found  to  be  7'   0",5  addi- 
tive '    hence,   we  have  to  subtiact  only    l'    7",    which  gives  the  tune  Sh 

82'    25' 

The  maximum  (420)  of  the  second  pait  of  the  eqiution  of  light  is  2'  2",5, 
but  the  equation  was  59",  5  additive  at  the  time ,  therefoie  we  mubt  subtiact  l'. 

3",  which  gives  8/1  3l'  22" 

Ihe  maximum  (421)  of  the  equation,  marked  in  the  Tables  C,  is  3'  30', 
but  that  eqiution  at  the  time  of  the  eclipse  was  0'  27"  additive,  hence,  we  have 
to  subtract  S1  3",  which  gives  Sh  28',  19" 

The  small  equations  which  come  fiom  the  inequalities  of  Jupitei  amounted 
at  the  same  time  to  15"  subtractive  ,  and  the  maximum  being  l',  we  must  sub- 
tract 1'  15",  which  gives  8/1  27'  4". 

Lastly,  we  must  subtract  17"  foi  the  i  eduction  (426),  and  we  have  8/z  26' 
47"  on  Januaiy  2,  but  it  being  bissextile,  we  must  subtract  one  day,  which 
gives  January  1,  1764,  Bh  26'  47"  for  the  epoch  of  the  mean  conjunction  for 
that  year,  by  M  WARGENTII^S  construction  of  the  Tables 

452    Having  shown  how  the  epochs  for  any  yeai  are  established,  we  have 
only  to  show  how  they  are  earned  on  for  any  number  of  yeais     Accoiding  to 

51 
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M  WARGENTIN,  the  synodic  i evolution   of  the  fiist  satellite  is    Id   18h   28' 
35 ',947909,  of  the  second,  3d   13/t    17'    53",74893  ,  of  the  thud,  7^   8h  59 
S5",86754  ,  and  of  the  fourth,  I6d  I8h  5'  7",09174      Let  us  take  foi  om  ex- 
ample, the  fiist  satellite      If  we  multiply  id    ISh  28'  35",947909  by  207  it 
gives  366d  8h  40'  l",2l716,  which  is  a  common  yeai  of  363  days,  and  Id  8k 
40'   1  ",21 71 6  ovei        Theiefoie  at  the  beginning  of  the  next  yeai  the  satellite 
will  be  forwarder  than  it  was  at  the  beginning  of  the  piecedmg,  by  Id  8h  40' 
1",21716    If  we  add  again  id  8/z  40'   1",21716,  it  gives  2d  17/i   20'  2",434S2, 
which  being  moie  than  a  i  evolution,  by  subti  acting  a  levolution  fiom  it,  we 
get  Od  227*  51'   26",48641,  which  is  the  quantity  by  which  the  batelhte  will  be 
foiwaidei  at  the  beginning  of  the  second  yeai      If  to  this  we  again  add  the 
same  quantity,  it  gives  2d  >lh  31'  27",70357,  which  being  more  than  a  revolu- 
tion, by  subtracting  a  i  evolution  from  it,  we  get  Od    13k    2'  51", 75566,  the 
quantity  by  which  the  satellite  will  be  foiwaidei  at  the  beginning  of  the  thud 
yeai      JBut  as  the  fouith  year  is  supposed  to  be  bissextile,  the  epoch  will  take 
place  on  the  fiist  of  January,  therefore  this  year  consists  of  366  days,  and  con- 
sequently contains  207   revolutions  and  Od    Sh    40'    l",217i6,  tins  theiefore 
iddedto  Od  13/t    2     5l",75566  gives  Od  217*  42'  52",97282  the  quantity  by 
which  the  satellite  is  forwaider  at  the  beginning  of  the  fourth  year,    But  as  this 
yeai  begins  on  the  fiist  of  January  instead  of  Decembei   31,  rn  the  mean  mo- 
tions foi  days,  m  January  and  Febmary,  we  must  take  the  day  of  the  month 
one  less  than  rt  is,  as  will  be  fmthei  explained  m  the  constmction  of  the  Tables 
Hence  it  appears,  that  if  we  begin  at  the  epoch  of  any  leap-year,  and  add  to 
it  Id    87/    40'    l/x,21716,  Od    22/z  51'    26",48641,  Od,  13h  2'    5l",75566,   and 
Od  217*  42'  52*,97282,  the  sums,  rejecting  a  whole  revolution  when  necessary 
will  be  the  epochs  for  the  first,  second,  third  and  fourth  years  aftei      Thus  we 
may  continue  the  epochs  as  far  as  we  please      In  like  manner  we  pioceed  with 
the  arguments  A,  B,  C,  &c   of  the  equations,  rejecting  a  revolution  when 
the  sum  exceeds  it 


To  Jind  the  Configuration  of  Jupiter's  Satellites  at  any  Time 

453  l  Find  by  Tables  I,  II,  III,  IV,  V,  the  mein  place  of  each  satellite 
foi  the  given  time,  which  will  be  sufficiently  near  to  the  true  place,  except  for 
the  fourth  satellite,  for  which  we  must  apply  the  equation  of  the  center,  for 
that  purpose  we  must,  with  rts  mean  motion,  take  out  the  place  of  its  apsrde 
which  subtracted  from  the  mean  longitude  gives  rts  mean  anomaly,  to  whrch  find 
the  equation  in  Table  IX,  and  apply  it  to  the  mean  longitude,  and  rt  grves  the 
true  longitude 

5   From  the  place  of  each  satellite  thus  found,  subtract  the  geocentric  Ion- 
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gitude  of  Jupiter*,  and  in  Table  VI  with  that  duTeience,  find  the  coi responding 
numbeis,  which  repiesent  the  appaient  distance  of  each  fiom  the  centei  of  Ju- 
piter in  teims  of  its  sermdiameter  When  the  aigument  of  this  Table  is  less 
than  ax  signs,  the  satellite  will  be  to  the  east  of  Jupiter ,  when  greater,  to  the 
west  This  is  Dr  HALLEY'S  method 

As  the  puncipal  design  of  finding  the  configuiations  of  the  satellites  is  to  dis- 
tinguish one  fiora  anothei,  the  equation  of  light  is  commonly  of  but  little  im- 
portance, and  may  be  neglected  Oi  if  that  accuracy  be  desired,  compute  the 
configuiation  to  any  houi  mean  time,  and  then,  add  the  equation  of  light  to  it, 
and  you  have  the  configuration  as  they  appear  at  that  time  The  opeiation  is 
icndeied  shelter  by  calculating  to  an  houi ,  and  it  will  be  sufficient  if  the  places 
be  calculated  to  minutes  of  a  degree 

454  To  find  the  equation  of  light,  fiom  the  sun's  longitude  subtiact  the  he- 
liocentnc  longitude  of  Jupiter,  and  with  the  lemamdei  entei  Table  VII,  and 
take  out  the  fiist  pait  of  the  equation ,  and  with  the  anomaly  of  Jupiter  entei 
Table  VIII,  and  take  out  the  second  pait  The  anomaly  is  found  by  sub- 
tracting the  place  of  the  aphelion  fiom  the  longitude 

Ex   To  calculate  the  configuration  of  the  satellites  on  Apnl  6,  1795,  at  four 
o'clock  in  the  moinmg,  mean  tune,  by  the  civil  account ,  01  on  the  3d  IQ/i 
astronomical  time 
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,14        West  14,95         West  18,98 
*  The  method  of  finding  this  will  be  shown  in  the  Introduction  to  the  Tables  m  the  Third  Volume 
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Hence,  and  by  Aiticle  447,  this  Configuration 


2      *  \J  gig! 

The  line  A B  shows  the  direction  of  the  belts 


Sun's  longitude     -    -    0s  17°  24' 
Jupitei's  hel  long      -     9    23      3 


Diffeience     -     -      -    2    24    21     -      -      Equation  of  light    8' 59" 
Jupitei's  aphelion      -     6    11      4 


Jupiter's  anomaly      -     3    1 1    59    -      -      Equation  of  light     1    37 


Total  equation  of  light  10   36 


This  configuration  therefore  which  is  calculated  for  four  o'clock  mean  time, 
is  such  as  will  appear  at  10'  36"  aftei  four ,  but  it  will  not  sensibly  diffei  from 
the  appeal ance  at  four  To  have  computed  the  configurations  as  they  appear 
at  four  o'clock,  we  must  have  computed  foi  3h  49'  24"  mean  time 

455  The  configuration  at  the  same  hour,  for  a  month,  may  be  very  readily 
determined,  without  repeating  the  whole  operation,  m  this  manner  The  dif- 
ference from  day  to  day  arises  from  the  addition  of  the  daily  mean  motions,  and 
fiom  the  variation  of  the  geocentric  place  of  Jupiter,  the  mean  daily  variation 
of  which  foi  a  month  will  be  sufficiently  accurate  for  our  purpose.  As  the  geo- 
centric place  of  Jupitei  is  subtracted  from  the  mean  place  of  the  satellite,  if  the 
georentnc  motion  be  direct,  subtract  its  mean  daily  variation  from  the  mean 
daily  motion  of  the  satellite  ,  but  if  the  geocentuc  motion  be  retrograde,  you 
must  add,  and  you  will  have  the  whole  daily  motion  to  be  applied  to  the  cal- 
culation for  any  one  day  m  oider  to  get  the  situation  of  the  satellites  for  the 
next  day ,  and  thus  you  may  continue  the  process  for  a  month,  at  the  end 
of  which,  it  may  be  pioper  to  resume  the  first  calculation,  and  then  proceed  foi 
that  month  in  like  manner. 

To  take  our  example,  I  find  Jupiter's  geocentric  motion  is  direct,  at  the  mean 
rate  of  about  2'  in  a  day  foi  the  month,  subtract  therefore  2'  from  the  daily 
motions  of  the  satellites,  and  we  have  6$  23°,  27'9  3s  11°  20'9  1s.  20°  17'  and 
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0'  21°  32',  foi  the  lelative  daily  motions  of  the  fiist,  second,  third  and  fouith 
satellites  in  lespect  to  Jupitei ,  hence, 
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Qd    0    28    47  11    23    29  2      5    55  9    20    38 


Hence  by  Table  VI,  we  get  the  following  configurations 
7rf     -    -     West  1,84        East  5,94         West    8,75         West  24,38 
Sd     -     -     West  0,54         TFes/  8,31         East    W$         WP&f  26,38 
9d     -    -    East  2,82         W<?tf  2,67         East  13,58         ^Fes*  24,71 


As  there  is  the  same  motion  of  the  satellites  to  be  added  every  time,  it  will 
be  best  to  put  them  down  upon  a  stnp  of  papei,  and  by  laying  it  undei,  the 
addition  may  be  made  fiom  it  without  the  tiouble  of  wntmg  the  motions 
down  eveiy  time  In  this  mannei  we  may  lay  down  the  connguiations  with 
gieat  expedition,  and  with  moie  accuiacy  than  by  the  mechanical  contri- 
vances of  FLAMSTPAD  and  CASSINI  In  the  Example  for  the  fouith  satellite,  the 
variation  of  the  equation  of  the  oibit  is  not  consideied,  which,  in  gcncial,  is 
not  necessaiy,  as  the  configuiations  are  put  down,  only  that  we  may  know 
which  the  satellites  aie  ,  but  if  this  satellite  should  be  found  very  near  another, 
it  may  be  necessaiy  to  consider  the  equation  of  the  oibit  in  Table  IX 

The  mean  time  at  which  these  configuiations  aie  shown,  may  be  reduced  to 
apparent  time,  by  applying  the  equation  of  time  ,  ihus  the  configuration  on  the 
sixth  day  at  10'  <JC"  aftei  four  o'clock  mean  time,  is  8'  11"  aaer  four  apparent 
time  ,  to  have  calculated  theiefoie  for  four  apparent  time,  wo  must  have  calcu- 

lated for  3/i  51'  49" 

FIG          456  The  principle  upon  which  the  sixth  Table  is  constructed  is  this     .Let 

101      %  be  the  earth,  J  Jupiter,  a  the  place  of  a  satellite  in  its  orbit  ,  join  El,  and 

produce  it  to  the  heavens  at  m,  and  produce  la  to  *,  and  draw  ae  perpendiculai 

to  Ib     Now  m  is  the  geocentric  place  of  Jupiter  in  the  heavens,  and  n  the 
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tme  place  of  the  satellite,  if  theiefore  from  <v«  the  longitude  of  the  satellite, 
we  sub ti act  <y  m  the  geocentnc  longitude  of  Jupiter,  we  get  mn,  or  the  angle 
bla,  whose  sine  ac  lepiesents  the  apparent  distance  of  the  satellite  from  Ju- 
piter ,  if  theiefore  ac  be  expiessed  in  teims  of  the  semidiameter  of  Jupitei,  we 
shall  get  the  appaient  distance  m  semidiameteis,  and  in  this  manner  the  Tables 
are  constructed 

When  a  satellite  is  approaching  Jupiter,  the  figuie  is  put  between  Jupitei  and 
the  point ,  when  it  is  receding,  the  nguie  is  put  on  the  other  side 


A  TABLE 

Of  the  apparent  Distances  of  Jupiter's  Satellites  from  its  limb  at  iJie  time  of  an 
hclipWiJor  every  tenth  Day  of  Jupiter's  Distance  f lorn  Opposition  or  Conjunc- 
tion, by  the  Rev  Dr  MASKELYNE,  Asttonomei  Royal,  from  the  British  Man- 
nei's  Guide 


Distance, 
ot  Jupitei 
fiom 
opposition 
to  the  O 

Di  tance  of  the  Satellites  from 
Jupitei  s  limb    it  the  Lchp  es 
in    sinudiuwtus  of   Tupitcr 
ind  decimal  puts 

Distance 
of  Jnpitei 
from  ton- 
junction 
with  O 

Distance  of  the  Satellite*,  from 
Jupiter's  limb  at  the  Lthphes, 
in    semidiameters  oi    Jupiter 
and  decimal  pails. 

Days 

I 

JI 

III 

IV 
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II 

III 

IV 

10 

0,20 

0,33 

0,50 

0,85 

10 

0,15 

0,25 

0,35 

0,55 

20 

0,40 

0,66 

1,05 

1,66 

20 

0,30 

0,45 

0,70 

1,25 

SO 

0,60 

0,95 

1,50 

2,65 

30 

0,40 

0,67 

1,05 

1,70 

40 

0,75 

1,20 

1,90 

3,35 

40 

0,55 

0,90 

1,40 

2,50 

50 

0,90 

1,40 

2,25 

3,95 

5O 

0,70 

1,00 

1,80 

3,20 

60 

1,00 

1,60 

2,50 

4,40 

60 

0,80 

1,25 

2,00 

3,50 

70 

1,05 

1,70 

2,66 

4,70 

70 

0,90 

1,40 

2,25 

3,95 

80 

1,10 

1,75 

2,75 

4,85  1 

80 

1,00 

1,55 

2,45 

4,33 

90 

1,10 

1,75 

2,75 

4,85 

90 

1,05 

1,66 

2,60 

4,60 

100 

1,10 

1,70 

2,70 

4,80  1 

100 

1,10 

1,75 

2570 

4,80 

The  distances  of  the  satellites  fiom  Jupiter's  limb  in  tfoa  Table,  aje  to  be 
measmcdt,  either  m  a  line  with  Jupiter's  equator,  or  longei  axis,  or  in  a  line  pa- 
lallel  theieto  ,  ors  which  is  the  same  thing,  to  its  belts ,»  for  the  satellites  gene- 
rally appear  a  little  to  the  north  or  south  of  this  line 

In  this  Table,  the  appatent  distances  are  tbose  of  the  regular  eclipses,  that  is, 
at  the  immersions  befoie  opposition  and  emersions  after  ,  but  at  the  emersions 
which  are  visible  befdre  opposition^  and  immersions  after,  the  distances  from 
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Jupiter's  limb  will  be  less  than  m  the  Table,  by  a  quantity  which  is  in  the  same 
pioportion  to  Jupiter's  diametei,  as  the  duiation  of  the  eclipse  is  to  the  longest 
duiation  when  in  the  nodes 


Various  Circumstances  respecting  tJie  Phenomena  oj  the  Satellites 

FIG  457  To  find  when  an  immersion  and  emersion  are  visible,  let  *  be  the  center 
102  of  the  shadow  AS,  r  the  center  of  the  disc  of  Jupiter  CD,  the  ladius  sn  being 
expressed  in  minutes  of  the  orbit  of  the  satellite,  and  rn  expiessed  in  the  same 
measure  Let  rs  be  a  poition  of  the  oibit  of  the  satellite  equal  to  the  annual 
paiallax,  expressed  in  minutes,  which  may  be  taken  fiom  the  Nautical  Almanac, 
and  let  AB  and  CD  be  icpresented  as  seen  from  the  earth  ,  let  wen  be  the 
path  of  the  satellite,  then  the  immeision  at  tt>  being  visible,  the  emersion  at  n 
will  also  be  just  visible,  or  lather  it  is  the  limit  In  the  tiiangle  ms,  we  know 
all  the  sides,  to  find  the  peipendiculai  nm  on  rs,  which,  as  the  oibit  un  is  'very 
nearly  parallel  to  sr,  is  veiy  neaily  equal  to  sc ,  but  (484)  ic=wr ,  01  if  we 
represent  th§  radius  r  by  unity,  sc=:vs  ;  make  theiefoie  mn—vs,  and  we  get  v, 
the  sine  of  the  distance  of  Jupiter  from  the  node  We  have  hei  e  supposed  the 
earth  m  the  plane  of  the  orbit  of  Jupitei ,  but  as  the  eaith  is  not  m  that  plane, 
it  will  make  Jupiter  appear  a  little  higher  01  lower  in  the  shadow,  by  the  lath 
tude  of  the  earth  seen  fiom  Jupiter  >  this  when  gieatest  is  about  15',  and  vanes 
as  the  sine  of  the  distance  of  the  earth  fiom  the  node  of  Jupiter,  If  rs  icpiesent 
the  orbit  of  Jupiter,  in  the  fji&t  six;  months  of  the  year,  the  center  of  the  shadow 
will  he  at  /  to  the  south  of  &,  Hence,  knowing  sr  and  st,  we  can  find  the  an-, 
gle  srt,  and  rt  f  consequently  we  know  the  three  sides  of  ni  t9  to  nnd  the  angle 
nrtf  hence  we  know  nrs ,  therefore  in  the  tuangle  nrs,  we  know  rn,  rs  and  the 
angle  nrs,  to,  find  nm  The  latitude  of  the  earth  seen  fiom  Jupiter  is  neaily 
equal  to  one  seventh  part  of  the  equation  of  the  earth's  orbit  (Mem<  Acad* 
1765),  at  least  when  Jupitei  is  about  quadratures  This  is  the  method  which 
is  given  by  M  de  la  LANDE,  to  deteimme  when  an  emeision  will  be  visible  be* 
foie  opposition,  and  an  immeisiou,  after  opposition 

458   M  de  la  PLACE,  m  the  Mem^  de  PAcad   1784,  in  his  theory  of  the  mo- 
toons  of  the  satellites,  has  deduced  some  very  extiaordmary  conclusions,  which 
p*fe  confirmed  by  observations     If  pt  q  and  r  represent  the  mean  motions  of  the 
flwdbi  second  and  third  satellites*  he  h,as  shown*  th^t^-^r^-gr,  or^-30-f 
2^a=Q  \  arsd  tf  a,  #  and  x  represent  their  mean  longitudes,  he  haa  proved  that 
#-S#*  2*=:180%    The  Tables  "therefore  must  always  satisfy  these  conditions 
The  last  equation  shows  that  /the.  three  satellites  can  never  be  eclipsed  at  the 
same  time      But  it  may  be  observed,  that  the  first  equation  is  a  consequence 
pf  the  second,  for  the  coBrespx>tfiing  mfeau  longitudes  will  always  be  represent 
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ed  by  #+p,  y  +  q,  &  +  r?  and  hence  r+jp-S  x^T+^  +  axJ+^lsO0,  fiom 
which  subtract  a,  -  3y  +  2s  =  1 80%  ind  we  get  p  ~  3*7  +  2r=rO  M  de  la  PLACL 
makes  the  annual  motion  of  the  apside  of  the  thud  to  be  3°,  and  of  the  fourth 
to  be  sr  M  BAILLY  makes  the  foimei  2°,  m  his  Tables,  and  the  epoch  foi 
1700,  ml  1s  is%  thelattei  he  mikes  45'  IS"  In  the  Tables  which  we  have 
lieie  added,  the  epochs  of  the  apside  of  the  fomth  aie  those  given  by  M 
B*ILLY,  m  his  Esm  sur  la  Theone  des  botelhtes  de  Jupitey 

459  The  fiist  satellite  is  most  piopei  loi  finding  the  longitude,   the  Tables 
of  that  being  the  most  conect,  it  is  also  the  best  on  account  of  the  greatei 
velocity  of  the  satellite,  the  instant  of  its  ippcaimg  01  disappeanng  being,  on 
that  account,  moie  ceitam       It  is  betlei  to  compaie  an  eclipse  obseived  undei 
one  mendun  with  an  eclipse  obsened  undei  anothei,  lather  than  with  one  com- 
puled,  because  of  the  imperfection  of  the  Tables      The  obseiveis  should  also 
be  famished  with  the  same  kind  of  telescopes,  as  the  time  when  a  satellite  be- 
comes visible  at  an  eraeision,  01  invisible  at  an  immeision,  depends  upon  the 
quantity  of  light  which  the  telescope  leceives,  and  its  magnifying  powei     it 
depends  also  upon  the  pioximity  of  the  satellite  to  Jupitei,  and  its  altitude 
ibovc  the  honzon      M    BAH  LI  has  given  us  some  Rules  to  coned  the  dif. 
Iciencc  ansmg  fiom  these  cucumstances,  these  we  shall,  m  bnef,hcie  explain 

460  As  the  satellite  enteis  the  shadow  of  Jupitci,  its  light  diminishes  by 
degiees,  until  the  satellite  becomes  invisible,  and  it  ib  of  gieat  impoitancc  to 
ascertain  how  much  of  the  satellite  is  immeised  in  the  shadow  at  the  time  it 
disappear     M  FOUCIIY  fust  obscivecl  that  this  would  depend  upon  the  distance 

of  the  eaith  flora  Jupiter     Let  PR  be  the  shadow  of  Jupitei,  LM  the  oibrt     TIG 
of  the  satellite,  and  let  0  be  the  centei  of  the  satellite  m*rt&t  the  time  it  be-      109 
comes  invisible,  then  mnr  is  the  part  not  yet  immeibed,  and  which  is  called  the 
mvHibk  segment,  let  OQ  be  pupendicular  to  LM9  and  join  Oc9  and  diaw  Own 
Now  if  we  know  sn,  subtuct  it  fiom  tm,  and  we  get  n  ,   hence  we  know  0* 
~w  01  Ov,  and  knowing  OQ,  we  know  Qt»9  which  i  educe  into  time,  and  as 
OQ  and  Oc  aie  known,  we  can  find  Qc,  and  thcicfoie  ^e  know  the  time  of  de 
scribing  Qc  ,  hence,  helving  found  the  time  of  descnbmg  Qc  and  Qo,  wo  know    * 
the  time  of  descnbmg  cw,  which  subUactcd  fiom  the  time  at  which  the  centei 
wis  at  »,  gives  the  time  \\hen  it  was  at  c,  01  the  time  of  the  mimeision  of  the 
centei,  called  the  tiuc  time,  wbicff  ought  to  be  the  same  to  all  obseiveis    This 
quantity  w  is  M  Foucm's  equation,  and  when  applied  to  the  obseived  time 
bhouldgive  the  same  time  foi  all  observations      We  have  heie  supposed  m 
lo  be  known ,  the  idea  how  to  find  this  was  first  suggested  by  M  POUCHY    and 
afleiwaids  impioved  upon  by  M  BAILLY,  his  method  we  shall  heie  explain 

461    M    BAILLY,  by  diaphiagms  with  a  ciiculu   hole  in  the  middle,  dirm- 
nibhed  gradually  the  field  of  view  of  his  telescope  until  the  satellite  disappeared 
hence  the  apeituie  in  the  diaphiagm  at  the  time  the  satellite  becomes  invisible' 

voi  > 
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is  to  the  whole  apertuie,  as  the  quantity  of  light  icceived  fiom  the  satellite  at 
the  time  it  disappeais,  to  the  quantity  of  light  in  the  whole  apeituie,  let  the 
whole  apertuie  =1,  the  apertuie  of  the  diaphiagm  =  0,  then  the  light  of  the 
satellite  when  not  eclipsed  being  lepiesented  by  unity,  the  light  when  it  disap- 
peais at  an  immeision  will  be  =  tf ,  consequently  a  1  segment  mm  whole 
surface  mnrt,  hence  we  know  the  segment  mm ,  and  consequently  its  veised 
sine  ns,  foj  on  account  of  the  snullness  of  the  aic  msr,  we  may  considei  it  as  a 
stiaight  line  In  a  telescope  whose  apeituie  was  24  lines,  M  BAILIY  found 
the  fourth  satellite,  when  at  its  gieatest  elongation,  to  vanish  at  in  apeitme  of 

"3T?l* 
55  lines,  hence,  a=~-|  =  0,0525,  winch  is  equal  to  the  segment  mm,  the 

circle  mnrt  being  unity,  hence  the  \eiscd  sine  WA=  0,4303  For  the  thud  sa- 
tellite, he  found  0=0,O156 ,  and  foi  the  fiist  and  second  «=0,0646«  J  hcse  de* 
teimmations  weie  made,  when  the  distance  of  Jupitei  fiom  the  sun  ^as  5,°207, 
and  the  distance  ot  the  earth  fiom  Jupitci  4,84 5b,  the  cuth'^  disthicc  fiom 
the  sun  being  unity ,  also,  the  altitude  of  Jupitci  ibovc  the  IIGHZGIL  was  15°, 
and  the  satellites  weie  at  their  greatest  clong  itions  To  i educe  the  invisible 
segments  to  any  othei  situations  of  the  eaith  and  Jupitei,  and  any  othei  alti- 
tude, he  takes  the  light  icceived  at  Jupitei  to  vaiy  imeiscly  is  <ho  sqiuie  of 
its  distance  fiom  the  sun,  and  the  light  icceived  at  the  caith  horn  the  satellites 
te  vaiy  mveisely  as  the  squaie  of  the  distance  of  the  eirth  fiom  Jupitci ,  and 
foi  the  vanation  of  the  quantity  of  light  at  diifcient  iHitudes,  he  takes  that 
which  is  given  by  M  BOUGUER  in  his  Optics  To  mid  the  illowancc  to  be 
made  foi  the  diffeicnt  distances  of  the  satellites  from  Jupitei,  he  piocceds  thus  • 

On  July  17  and  23,  1771,  the  following  obscivatiou->  wcic  mide,  md  the 
invisible  segments  determined  as  above  explained,  by  Ukni'jj  into  consultation 
the  distances  of  Jupiter  fiom  the  sun  and  the  eaith,  and  tlio  ilhludc  ol  Jupiter 

T)i«.t  of  Sat 

H        M  III  601111(1    1J,  **i  gHH  lit 

July  17,  9,  58  1,36  0,2485 

10  17  1,62  0,1677 

10  43  1,96  0,1361 
23,  11  *  1,49  0,1862 

11  20  1,32  0,2357 
11  28  1,21  0,2910 
11*  35  1,11  0,3201 
11  89  1,6  0,3521 
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The  law  which  the  vanation  of  these  segments  follow  is  neaily  as 
4?  being  the  distance  of  the  satellite  fiom  the  centei  of  Jupitei  m  sermdiameteL 
of  Jupitei ,  M  BAZLLY  therefoie  assumes  |  +  £=y,  y  being  the  segment,  and 
by  taking  two  values  ofy  and  the  coirespondmg  values  of*,  we  get  two  equa 
tions,  fiom  which  we  can  deteimme  b  and  c ,  the  two  values  of  y  which  he  iw 
smned  aie  0,1862  and  0,3521,  and  taking  the  corresponding  values  of  *,  he 
found  £  =  0,3397,  and  c  =  0,0495,  hence,  <±™l  +  *l™*.=y ,  by  applymg 

this  to  othei  observations,  he  found  the  enois  much  smallei  than  could  be  ex 
pectod     By  pioceeding  thus  for  the  second  and  third  satellites,  he  found  for 

Satellite 

I     .  0,3397     0,0495  _ 


or  x 

II  0,3933      0,0375 


III 

IV     .  0,  192  +  O,  053 


The  fomth  was  deteimmed  by  M  de  la  LANDE,  M  BAILLY  not  hawng  suf. 
fioient  obseivations  upon  the  satellite,  to  deteimme  the  law  of  vauation 

462  M  BAILLY,  in  the  last  place,  considers  the  effects  of  difihent  telescopes 
The  gieater  the  quantaty  of  light  which  a  telescope  receives,  01  the  greater  the 
apertuie    the  less  will  be  the  mvis.ble  segment,  and  that  m  the  mveise  istio  of 
the  apeiture    f01  m  this  case,  (he  same  quantity  of  light  comes  to  the  eye 
Hence,  by  taking  into  consideration  all  the  cncumstances,  he  leduced  the  ob- 
(.ervations,  and  found,  m  geneial,  aveiynear  agreement  after  the  icductura, 
compaied  with  the  agleement  between  the  observations  themselves     The  cal- 
cnlatxm  requires  that  we  should  know  the  diameter  of  the  satellites ,  these  he 
deduced  in  the  following  mannei 

463  On  June  30,  1771,  he  observed  the  immeision  of  the  first  satellite. 
At  24  minutes  m  time  before  the  immeision,  with  an  apei  tm  e  of  10,5  lines  he 

f   « f       ?6  ^f  *  the  Wh°le  aPerture  beinS  24  llnes     With  an  apeiture 
Ot  13  l,nes,  he  made  his  observation  of  the  immersion ,  and  taking  off  the  dia. 
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phragm,  be  then  obsuvcd  it  4'  54"  longei  Now  an  apeituie  of  10,* 
no  gives  the  invisible  segment  J3FG~0,19I4  ,  but  hcie  we  must  take  into 
104  delation  the  pioximity  of  the  satellite  to  Jupitci  At  the  tame  when  the 
lite  disappeaied  with  an  apeituie  of  10,5  lines,  it  was  1,57  distant  fiom  T 
and  at  the  immcision  it  was  1,25,  hence,  if  we  put  thtse  foi  #,  we  shd! 
the  conesponding  segments  0,2571  and  0,1695,  hence  0,1695  o,2J> 
0,1914  0,2903  the  invisible  segment  BFG  winch  conesponds  to  the  v 
apeituie  at  the  distance  1..25,  deduced  fiom  that  which  was,  obseivccl  a. 
distance  1,75  But  with  an  apeituie  of  13  lines,  the  segment  BDE  imi 
gieater  in  piopoition  as  the  apeituie  is  less,  01  in  the  latio  of  13-  24%  In 
JBDE* 0,9895  Now  the  -versed  sine  ^^=0,664,  and  BH- 1,99852,  1 
foie  KH^  1,33452,  the  space  pibsed  ovei  m  4'  54",  heie  the  satelhtc  en 
obliquely  into  the  shadow ,  but  if  it  had  enteicd  pcipendicuhily,  it  ^oulcl 
taken  only  4'  51"  to  h  ivc  passed  ovei  the  sime  piit,  hence,  1,33452  <2 
diametei)  4'  51"  7'  16"  the  diimctei  in  time,  which  -\nsweis  to  1°  1 
the  diametei  of  the  satellite  seen  fiom  Jupitei  If  the  leader  wish  ioi  aiij 
thei  satisfaction  upon  this  subject,  he  may  consult  the  Mem  de  I'Acad* 
desScien  1771,  or  the  Phil  Irans  Vol  LXIII 

464  Di  MASKLLYNL  obseives,  tliat  the  method  hcie  pioposed  of  cioiio 
the  immeision  and  emeision.  of  a  satellite,  must  be  subject  to  a  ceitam  <1< 
of  inaccuracy  fiom  hence,    ihat  when  you  leduce  the  apeituie  ol  the  tele< 
so  as  to  make  the  satellite    disappeai,  you  also  dimmish  the  quantity  of 
fiom  Jupitei  in  the  simc  piopoition,  on  which  account  the  satellite  will  1 
sible  \nth  a  loss  qumtity  of  light  than  it  would  be  if  Tupitei  continued  o 
same  brightness,  and  thciefoic  the  invisible  segment  will  have  a  less  ia, 
the  whole  suiface,  than  the  quantity  of  light  m  the  apeituie  when  the  <*a/ 
is  tendered  invisible  has  to  the  quantity  of  light  m  the  whole  apeituie     ^ 
iecuon  therefore  for  this  circumstance  ought  to  be  applied     We  may  als 
ther  obseivc,  that  besides    the  circumstances  which  are  hcie  taken  not  I 
the  twilight,  the  cleaincss  of  the  111,  the  pioximity  of  Jupitci  to  the    1 
and  the  eye  of  the  observer,  all  combine  to  affect  the  time  at  which  the 
lite  becomes  invisible 

465  When  Tupitei  is  so  far  distant  fiom  conjunction  with  the  sun,  as 
about  8°  above  the  hoiuon  when  the  sun  is  8°  below,  an  eclipse  of  the  sat 
witybe  visible  at  any  phcc  5   this  may  be  deteimmed  neai  enough  by  a  ce 
dfaCNwteal  Almanac).      Before  the  oppositions  of  Jupiter  to  the  su 
immeisions  and  emeisions  happen  to  the  west  of  Jupitci ,  after  opposition 
happen  to  the  east     If  an    astionomical  telescope  be  used,  which  levei  &* 
jects,  the  appearance  will  Toe  contiaiy     The  satellites  in  the  configuiatL 
the  Nautic'il  Almanac  aie  put  down  on  then  pioper  sides  of  Jupitei  „    s 
teteacope  theicfotc  reverses  their  wtuation  m  icspcct  to  Jupiter 
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on  the  east  appeal  to  the  west,  and  those  on  the  west  appeal  to  the  east  The 
immeisions  signify  the  mstant  of  the  disappeaiance  of  the  satellite  by  enteiing 
the  shadow  of  Jupitei  f  and  the  emersions  signify  the  mstant  at  which  they  fiist 
appeal  at  the  coming  out  of  the  same  Foi  dnections  to  the  obseivei,  I  lefei 
the  Readei  to  my  Practical  Astronomy,  page  186 

466  M  CASSINI  suspected  that  the  satellites  had  a  lotation  about  then  axes, 
as  sometimes  in  then  passage  ovei  Jupitei  *s  disc  they  weie  visible,  and  at  othei 
times  not,  he  conjectuied  theicfoie  that  they  had  spots  upon  one  side  and  not 
on  the  othci,  ind  that  they  weie  lendeied  visible  in  then  passage  when  the 
spotb  weie  next  the  earth  At  diflcient  times  also  they  appear  of  difieient  magni- 
tudes and  of  diffcient  bnghtness  The  fointh  appeals  genei  illy  the  smallest, 
but  sometimes  thegieatest,  and  the  diametei  of  its  shadow  on  Jupitei  appears 
sometimes  gieatei  than  the  satellite  The  thud  also  appeal s  of  a  vanable  mag- 
nitude, and  the  like  happens  to  the  othei  two  M  MABALDI  also  concluded, 
fiomhis  own  observations,  that  they  had  a  lotation  Mi  POLND  also  obseived 
that  they  appealed  moie  luminous  at  one  time  thin  anothei,  ind  theiefoie  he 
concluded  that  they  i evolved  ibout  then  axes  llus  is  conhimed  by  Dr  HER- 
bCHEL,  who  has  discoveied  that  all  the  satellites  of  Jupiter  have  a  lotatoiy  mo- 
tion about  then  axes,  of  the  same  duiation  with  then  penodic  times  about  then 
pinnaiy  This  he  deteimmed  nom  the  change  of  bnghtness  in  diffeient  paits 
of  then  orbits  He  obseives  that  the  fiist  is  white,  but  sometimes  moie  in- 
tensely than  otheis  The  second  is  ^hite,  bluish  and  ash  colomed  The  thud 
always  white,  but  of  diffeient  intensities  The  fourth  is  dusky,  dingy,  inclining 
to  01  ange,  reddish  and  luddy  at  diffeient  times  At  the  mean  distance  of  Ju- 
pitei,  he  makes  the  diameter  of  the  second  satellite  0",87 ,  the  third  to  be  con- 
sideiably  the  greatest ,  the  fiist  a  httlq  laigei  than  the  second,  and  neaily  of 
the  size  of  the  fointh  ,  the  second  a  little  smallei  than  the  fiist  and  foiuth,  01 
the  smallest  of  them  all* 
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,  On  the  Construction  of  the  Epochs  in  the  Tables 

467  The  epoch  of  a  satellite  foi  any  yeai  is  found  from  a  conjunction  of  the 
satellite ,  this  will  be  best  explained  by  an  example  By  Article  451,  it  was 
found  that  the  time  of  a  mean  conjunction  of  the  fiist  satellite  in  17643  was 
Januaiy  1,  Bh  26'  47",  as  computed  foi  the  consti  action  of  the  Tables,  this, 
however,  is  not  the  true  time  of  the  mean  conjunction,  but  it  is  that  time  dimi- 
nished by  the  sum  of  the  maxima  of  all  the  equations,  except  that  ansing  fiom 
the  equation  of  Jupitei's  oibit,  which  sum  is  29'  22",  add  this  theiefore  to  the 
ibove  time,  and  it  gives  Januaiy  1,  8h  56'  9"  foi  the  true  time  of  the  mean 
conjunction,  01  the  time  when  the  mean  place  of  the  satellite  upon  its  orbit  was 
the  same  as  the  mean  place  of  Jupitei  in  its  orbit ,  but,  by  computation,  the 
mean  place  of  Jupitei  at  that  time  was  2  8°  56'  41",  this  theiefoie  is  the  mean 
place  of  the  satellite  at  the  sime  time ,  but  the  mean  motion  of  the  satellite  m 
Id  B/i  56'  9"  was  9s  9°  14'  10",  sub ti act  this  theiefoie  fiom  2s  8°  56'  41", 
md  we  h  we  4s  29°  42'  si"  lor  the  mean  place  of  the  satellite  at  the  beginning 
of  1764,  01  the  epoch  foi  that  yeai,  at  Pans  The  constiuction  of  the  Tables 
he-e  c\.pli>netl,  has  been  ioi  the  mean  distance  of  Jupitei  fiom  the  earth,  thai 
1%  to  lepiesent  the  satellites  as  seen  fiom  that  distance,  because  we  applied  the 
equations  of  light  is  explained  in  Ai facie  420,  which  i educes  the  time  at  the 
pi  ice  wheic  the  earth  is  at  the  time  of  obscivation,  to  the  tune  at  which  the 
same  phenomenon  of  the  satellite  (its  conjunction)  frould  have  appeared  if  the 
earth  had  been  at  its  mean  distance  from  Jupitei  As  Greenwich  is  9'  20"  cast 
of  the  Obseivatoiy  at  Paris  if  1°  19'  8",  the  mean  motion  of  the  satellite  foi 
that  tune,  be  ulded  to  43  29°  42'  31",  it  gives  5'  1°  l'  39"  for  the  epoch  for 
Gicenwich,  the  yeai  it  Greenwich  beginning  9'  20"  latei  than  at  Pans  But 
the  epochs  in  these  Tables  aie  foi  the  least  distance  of  Jupitei  fiom  the  earth, 
and  consequently  they  aie  found  fiom  the  epochs  at  the  mean  distance,  by  add- 
ing to  them  the  me  in  motions  of  the  satellites  foi  10'  10",  that  being  the  time 
(420)  which  light  takes,  m  passing  ovei  a  space  equal  to  the  diffeience  between 
the  least  and  mean  distances  Foi  as  any  situations  of  the  satellites  appeal  10' 
10"  soonei  at  the  least  thin  vt  the  meln  distance  of  Jupiter  from  the  earth,  at 
any  point  of  time  they  must  appeal  forwaider  m  then  oibits  at  the  formei  than 
at  the  lattei  distance  by  then  motions  in  that  time  Now  the  mean  motion  of 
the  satellite  m  10'  10"  is  1°  26'  12%  hence,  the  epoch  foi  1764,  foi  the  least 
distance  of  Tupitei,  is  5s  2°  27'  51",  the  Tables  which  are  here  given,  were  con- 
stiucted  fiom  other  observations  Having  detei mined  the  epoch  for  any  one 
yeai,  the  epochs  foi  the  following  yeais  are  found  by  continually  adding  to  it, 


264  THE   CONSTRUCTION  OP  THE   T \BLLS 

the  mean  motions  foi  a  yeai,  as  explained  m  Aiticle  452 ,  and  the  epochs  foi 
the  piecedmg  yeais  aie  found  by  subtraction  ,  thus  we  continue  the  Tibles  as 
far  as  we  please 

468  The  fhst  Table  cont  uns  the  epochs  of  the  satellites  at  the  beginning  of 
the  ycai,  that  is,  on  December  31  of  the  preceding  yeai  by  the  civil  account, 
at  12  o'clock  at  noon,  mean  time  ,  except  on  leap  yc«u,  in  which  the  phcc  is 
put  down  foi  January  1,  at  12  o'clock  at  noon,  mean  time 

Table  the  second  contains  the  mean  motions  foi  months,  shoeing  it  the  end 
of  each  month,  how  much  foiwaidei  the  satellites  aie  th  in  they  weic  at  the  be- 
ginning of  the  yeai  If  theiefoic  to  the  place  at  the  beginning  of  the  ycai, 
you  add  the  mean  motion  foi  any  month,  it  gives  the  mean  place  foi  the  end  of 
that  month,  01  for  the  beginning  of  the  next  The  month  of  Fcbiuaiy  is  hcic 
supposed  to  contain  28  days  Now  in  leap  year,  the  epoch  being  foi  the  fust 
of  Januaiy  at  noon,  mean  tune,  when  we  add  the  motion  foi  Janu  uy,  it  gives 
the  place  on  February  1,  at  noon  ,  and  adding  the  motion  foi  Fcbmaiy  it  gives 
the  place  foi  the  last  day  at  noon,  because  nom  Januaiy  1,  to  Fcbiuaiy  20,  m 
leap  yeai, is  the  same  as  fromDeccmbei  31  to  Febiuaiy  28,  m  the  common  yc  us, 
hence,  the  mean  motions  ior  the  othei  months  added  to  the  epochs,  will  gnc 
the  mean  places  as  well  in  Icap-yeai  as  in  the  common  yeais 

The  thud  Table  contains  the  mean  motions  foi  days,  asfai  as  SI,  that  being 
sufficient,  as  we  have  the  mean  motions  foi  months  But  in  leip-yeai,  in  the 
months  of  January  and  Febiuaiy,  we  must  take  the  motion  foi  one  day  less  than 
the  day  of  the  month,  because  (as  above  explained)  the  epoch  is  foi  the  fii^t  of 
Januaiy,  and  the  motion  foi  a  mouth  being  added  gives  the  phcc  on  the  fust 
of  Febiuaiy,  the  places  thcicfoie  being  thus  obtained  aftci  one  day  in  each 
month  has  passed,  the  motion  fiom  that  time  to  any  othei  day  must  be  one  day 
less  than  the  numbei  of  days  of  the  month 

The  fomth  Table  contains  the  mean  motions  foi  houis ,  and  the  fifth  Table 
contains  the  mean  motions  foi  minutes  and  seconds 

The  sixth  Table  contains  the  appaient  distances  of  the  satellites  fiom  the 
centei  of  Jupiter  Intel  ins  of  its  semidiamcteis,  accoiding  to  then  situations  m 
then  oibits,  and  the  gcocentnc  place  of  Jupitci 

The  seventh  Table  contains  the  fiist  equation  of  light ,  the  eighth  contains  the 
second  equation  of  light  These  Tables  aie  constructed  to  the  ncaiest  distance 
of  Jupitei  fiom  the  eaith ,  and  theiefoic  at  all  othei  times,  the  satellites  will  ap- 
peal to  come  latci  to  the  places  found  fiorn  the  Tables  than  the  time  to  which 
they  were  computed,  by  the  equations  in  the  Tables 

Table  the  ninth  contains  the  equation  of  the  centei  of  the  fomth  satellite 

469  These  Tables  give  only  the  mean  places  of  the  satellites,  except  foi  the 
fouith  satellite,  whose  place  maybe  conectcd  by  the  equation  of  the  oibit 
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This  accuiacy  is  sufficient  foi  the  pmpose  foi  which  the  Tables  aie  heie  given, 
they  being  puncipally  intended  to  find  the  configuiations  of  the  satellites  In 
the  Tables  foi  computing  the  eclipses,  the  epochs  foi  each  yeai  aie  those  of  the 
hist  mean  conjunction  of  the  satellite  after  the  commencement  of  the  yeai,  the 
consti action  of  these  Tables,  and  then  uses,  will  be  explained  in  the  Thud 
Volume 

470  If  it  be  lequired  to  find  the  appaient  positions  of  the  satellites  at  any 
given  appaient  time,  that  time  must  be  conveited  into  mean  time  (the  Tables 
being  constmcted  to  mean  time)  by  applying  the  equation  of  time,  and  then 
fiom  that  mean  time,  the  equation  of  light  must  be  subtracted,  and  the  com- 
putation made  foi  th  it  time  ,  and  from  the  places  thu*  found,  we  mubt  subtract 
the  geocentuc  place  of  Jupitei?  and  pioceed  as  alieady  explained 
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EPOCHS  OF  THE  MEAN  MOTIONS  OF  JUPITER'S  SATELITES 

TABLL  I 


WARS 

NEW 
SPILE 

I  SiTlLIITJ 

II  SA1ELL1IE 

III  S\rLLIIll 

IV  SULllIIl 

iv    svr  AIS 

S      D      M,     S 

b      D      M     S 

S      D      M     fa 

SUMS 

S      D       JM 

179C 

0     4  1$  37 

10     4  57     2 

0595 

3  28     1    10 

1        7       4 

179 

3  27  42  36 

7   16  44  19 

0  JU  5     36 

2  11   28   30 

1      7    49 

B  1792 

2   14  40   55 

8     9   54      5 

2     7  21    12 

1    16  31      6 

1      8    31 

1793 

6     8      9    53 

5   21    11    22 

2   13   17   44 

11   29  58   26 

1       9     19 

1794 

]()     1    *&  52 

3      3   28    ;9 

2   19   11   15 

10  13  25  46 

1     10      4 

1705 

1   25     7    50 

0   15     7    56 

2   25   10  47 

8  26  53     6 

1     30    49 

517% 

0   12     6     9 

1      8   17  43 

4    21    26   23 

8     1    54  42 

1     11     35 

1797 

4     5  35     8 

10  2(>      5     0 

4   27   22   54 

6   15  22     2 

1     12    20 

1798 

7  29     4     7 

8      1    52    17 

5      3   19  26 

4  2fa  49  22 

1     13       5 

1799 

11   22    33      5 

5   IS   39   34 

5     9  15   58 

3   12   17  42 

1     13     50 

C  1800 

3   16     2     4 

2   25  26    51 

5   15   12   30 

1   25   15     2 

1     14     ^5 

1801 

7     9  31      -3 

0     7   11      8 

5   21      9     2 

0     9   12  22 

1     15    20 

1802 

11      S.    0     1 

9   19      1    25 

5   27      5   34 

IO  22  39  42 

1     16      6 

1803 

2  26  29,    0 

7     0  48  42 

6326 

(>     6     7     2 

1     16     51 

51804 

1    13  27   19 

7  23   58  29 

7  29   17  41 

8   11      8  38 

1     J7    36 

1805 

5     6  56   18 

5      5  45  46 

8     5   14   13 

6  24  35   58 

1     18    21 

1806 

9     0  25   16 

2   17   33     5 

8    11    10  45 

5     8     3   18 

1     19       6 

1807 

0  23  54   16 

11   29   20  20 

8   17     7   16 

3  21   30  38 

1     19     51 

51808 

11    10  52  34 

0  22   30     6 

1O   13  22   52 

2  26  32  14 

L     20    37 

1809 

3     4  21   32 

10     4  17  23 

10   19   19  24 

1      9  59  34 

I     21     22 

TIBLES  or  JUPITER'S  SATELLITE 

THE  FIRST  TABLE  CONTINULD 
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YEARS 
NLW 
S1ILE 

I  SATELLITE 

II  SATELLITE 

III  SATELLITE 

IVSATILLin 

IV  S  APb 

S    D    M    S 

S    D    M    S 

S    D    M    S 

S    I>    M    S 

*    M,   D 

1810 

6  27  £0  31 

7  16   4  40 

10  25  15  55 

11  23  26  51 

1  22   7 

1811 

10  21  19  30 

4  27  51  57 

11   1  12  27 

10   6  54  14 

1  22  52 

B  1812 

9   8  17  49 

5  21   1  41 

O  27  28   3 

9  11  55  50 

1  23  37 

1813 

1   1  46  47 

3   2  49   1 

1   3  24  34 

7  25  23  10 

1  24  22 

1814 

4  25  15  46 

0  14  36  18 

1   9  21   6 

6   8  50  30 

1  25   8 

1815 

8  18  44  45 

9  26  23  35 

1  15  17  38 

4  22  17  50 

1  25  53 

J3  1816 

7  5  43  4 

10  19  33  21 

3  11  33  14 

3  27  19  26 

1  26  38 

1  27  23 

1817 

10  29  12   2 

8   1  20  38 

3  17  29  45 

2  10  46  46 

1818 

2  22  41   1 

5  13   7  55 

3  23  26  17 

0  24  14   6 

1  28   8 

J819 
B  1820 

6  16  10   0 

2  24  55  13 

3  29  22  49 

11   7  41  26 

1  28  5<> 

5   3   8  18 

3  18   4  59 

5  25  38  24 

10  12  43   g 

.  ,   i 

1  29  39 

THE  MEAN  MOTION  OF  JUPITER'S  SATELLITES  FOR  MONTHS 

TABLE   II 


MOOT  lib 

I  SV1LTLITE 

II  SATELLITE 

in  s  vuiiirL 

IV  SAlEILin 

IV  APS 

31  Jinuaiy 
SsFebmny 
31  Maicli 
30  Aplil 

6q     8°     9'  32' 
4      5    61     2 
10    1  4     0  34 
9   28   40  46 

8s  22°  37'     3' 
7    11       6  38 
4      3    43  40 
9    14    58   14 

3?  29°  50'  50' 
2    28    44  29 
6    28    35   18 
9874 

10s     8°  42'  16' 
6    12    41   44 
4    21     24     0 
2      8    32     0 

3'   50" 
7    18 
11,     7 
14    50 

31  May 
SO  June 
31  July 
31  August 

4      6  50    17 
3   21    30   29 
9   29   40      1 

4      7   49   32 

6     7    35  16 
11    18    49  50 
811    26  52 

54       3  55 

1      7  57   53 
3    17    29   40 
7    17   20   29 
11    17    11    19 

0    17    14    16 
10     4  22    16 

8    13      4   32 
6    21    46   48 

18    40 
22    22 
26    12 
30      2 

30  Sept 
31  Octobei 
30  Nov 
31  Dec 

3    22    29   44 
10      0   39    15 
9    15    19    27 
3   23   28    59 

jfc..,  

10    15    18  28 
7     7    55  31 
0   19     10     4 
9   11    47     7 

1    26    43      5 
5   26    33    55 
8      6      5   41 
0      5    56   31 

4      8   54   48 
2    17   37     4 
0     4   45     4 
10    13   27   20 

33    45 

37    35 
4f    17 

45      7 
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TABLE  III 


o 

I 

11 

III 

IV 

IV  Al>b 

K< 
CO 

S   D   M   S 

S   D   M   S 

S   D   M  S 

S   D   M  & 

M   S 

1 

6  23  29f  20 

3  11  22  29 

1  20  19  4 

0  21  34  16 

0   7 

2 

1  16  58  41 

6  22  44  58 

3  10  38   7 

1  13   8  32 

0  15 

3 

8  10  28   1 

10  4   7  27 

5   0  57  11 

2   4  42  48 

0  22 

4 

3   3  57  22 

1  15  29  57 

6  21  16  14 

2  26  17   4 

0  30 

£ 

9  27  26  42 

4  26  52  26 

8  11  35  18 

3  17  51  20 

0  37 

6 

4  20  56   2 

8   8  14  55 

10   1  54  21 

4   9  25  36 

0  44 

7 

11  14  25  22 

11  19  S7  24 

11  22  U  25 

5   0  59  5<> 

0  52 

8 

6   7  51  43 

3   0  59  53 

1  12  32  28 

5  22  34   8 

0  59 

9 

1   1  f*   3 

0  12  22  22 

**   2  51  32 

6  14   8  24 

1   7 

10 

7  24  53  23 

9  23  44  51 

4  23  10  35 

7   5  42  40 

1  14 

11 

2  18  22  4* 

I   5   7  21 

6  13  29  39 

7  27  16  5f> 

1  22 

12 

9  11  52   4 

4  16  29  50 

8   3  48  42 

8  18  51  12 

1  29 

13 

4   5  21  25 

7  27  52  19 

9  24   7  46 

9  10  25  28 

1  36 

14 

10  28  50  45 

11   9  14  48 

11  14  26  50 

10   1  59  44 

1  44 

15 

5  22  20   6 

S  20  37  17 

1   4  45  53 

10  23  34  0 

1  51 

16 

0  15  49  26 

6   I  59  46 

2  25  4  57 

11  15   8  16 

1  59 

17 

7   9  18  46 

9  13  22  15 

4  15  23   0 

0   6  42  32 

2   6 

18 

2   2  48   6 

0  24  44  45 

6   5  43   4 

0  28  16  48 

2  13 

19 

8  26  17  27 

A   6   7  14 

7  20   2   7 

1  19  51   4 

2  21 

20 

3  19  46  47 

7  17  29  43 

9  36  21  11 

2  11  25  20 

2  28 

21 

10  IS  16   8 

10  28  52  12 

n  6  40  14 

9*  2  59  36 

2  36 

22 

5   6  45  29 

2  10  14  41 

0  26  59  18 

S  24  33  52 

2  43 

23 

0   0  14  49 

5  21  37  10 

2  17  18  21 

4  16   8   8 

2  51 

24 

6  23  44   9 

9   2  59  39 

4   7  37  25 

5   7  42  34 

2  58 

25 

1  17  13  29 

0  14  22   9 

5  27  56  28 

5  29  16  50 

3   5 

26 

8  10  42  50 

1  25  44  98 

7  18  15  32 

6  20  50  56 

3  13 

27 

3   4  12  10 

7777 

9   8  34  36 

7  12  25  12 

3  20 

28 

9  27  41  30 

10  18  29  S6 

10  28  53  39 

8   3  59  28 

3  28 

29 

4  21  10  51 

1  29  52   5 

0  19  12  43 

8  25  33  44 

3  35 

SO 

11  14  40  11 

5  11  14  34 

2   9  31  46 

9  17  8   0 

3  42 

31 

6   8  9  32 

8  22  37  3 

3  29  50  50 

10   8  42  16 

3  50 

In  leip  year,  for  Janwuy  and  February  take  one  clay  h«w,  foi  uasons  already  given 

7  * 
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THE  MEAN  MOTIONS  OF  JUPITER's  SATELLITES 

FOIi  HOURS 

TABLE  IV 


w 

o 
cj 

hj 

O2 
1 

2 
3 
4 

5 
6 

7 
8 

9 
10 
11 
12 

13 
14 
15 
16 

17 
18 
19 
20 

I 

II 

III 

IV 

S   D   M   S 

S   D   M   S 

S   D   M   S 

S   D   M   S 

0   8  28  43 
0  16  57  27 
0  25  26  10 
1   3  54  53 

0   4  13  26 
0   8  26  52 
0  12  40  19 
0  16  53  45 

0   2   5  48 
0   4  11  35 
0   6  17  23 
0   8  23  11 

0   0  53  56 
0   1  47  51 
0   2  41  47 
0   3  35  43 

1  IS  23  36 

1  20  52  20 
1  29  21   3 
2   7  49  46 

0  21   7  11 
0  25  20  37 
0  29  34   3 
1   3  47  3O 

O  10  28  58 
O  12  34  46 
O  14  4O  33 
0  16  46  21 

0   4  29  38 
0   5  23  34 
0   6  17  30 
0   7  11  25 

2  16  18  30 
2  24  47  13 
3   3  15  56 
3  11,  44  40 

1   8   0  56 
1  12  14  22 
1  16  27  48 
1  20  41  15 

0  18  52   9 
0  20  57  56 
0  23   3  44 
O  25   9  32 

0   8   5  21 
0   8  59  17 
0   9  53  13 

o  ia  47  s 

3  20  13  24 

3  28  42   7 
4   7  10  51 
4  15  39  34 

1  24  54  41 
1  29   8   7 
2   3  21  33 
2   7  34  59 

0  27  15  19 
0  29  21   7 
1   1  26  55 

1   3  32  42 

0  11  41   4 
0  12  35   0 

0  13  28  55 
0  14  22  51 

4  24   8  17 
5   2  37   0 
5  11   5  43 

5  19  34  27 

2  11  48  26 
2  16   ]  52 
2  20  15  18 
2  24  28  44 

1   5  38  30 
1   7  44  18 
1   9  50   5 
1  11  55  53 

0  15  16  47 
0  16  10  42 
0  17   4  38 
0  17  58  34 

21 
22 
23 

24 

5  28   3  10 
6   6  31,  53 
6  15   0  37 
6  23  29  20 

2  28  42  11 
3   2  55  37 
3793 
3  11  22  29 

1  14   1  41 
1  16   7  28 
1  18  13  16 
1  20  19   4 

0  18  52  29 
0  19  46  25 
0  20  40.  21 
0  21  34  16 
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THE  MEAN  MOTIONS  OF  JUPITER's  SATELLITES  FOR 
MINUTES  AND  SECONDS 

TABLE  V 


M 

D   M   S 

D  M   S 

D   M   S 

D   M   S 

8 

M  9  r 

M   S   T 

M   S   T 

M  s  r 

I 

II 

III 

IV 

1 

0   8  29 

0   4  13 

026 

0  0  54 

2 

0  16  57 

O   8  27 

0   4  12 

0   1  48 

3 

0  25  26 

0  12  40 

0   6  17 

0   2  42 

4 

0  33  55 

O  Ib  54 

0   8  23 

0   3  36 

5 

0  42  24 

0  21   7 

0  10  29 

0   4  30 

6 

0  50  52 

0  25  21 

0  12  35 

0   5  24 

7 

0  59  21 

0  29  34 

0  14  41 

0,  6  18 

8 

1   7  50 

0  33  47 

0  16  46 

o  7  ll 

9 

1  10  18 

0  38   1 

0  18  52 

085 

10 

1  24  47 

0  42  14 

0  20  58 

0   8  59 

11 

1  S3  16 

0  46  28 

0  23   4 

0   9  53 

12 

1  41  45 

0  50  41 

0  25  10 

0  10  47 

13 

1  50  13 

0  54  55 

0  27  15 

0  11  41 

14 

1  58  42 

0  59   8 

0  20  21 

0  12  35 

15 

2   7  11 

1   3  22 

0  31  27 

0  13  39 

16 

2  15  40 

1   7  35 

0  33  "33 

0  14  23 

17 

2  24   8 

1  11  48 

0  35  39 

0  15  17 

18 

2  32,  37 

1  16   2 

0  37  44 

0  16  11 

19 

2,  41   6 

1  20  15 

0  39  50 

0  17   5 

20 

2  49  34 

I  24  29 

0  41  56 

0  17  59 

21 

2  58   3 

1  28  42 

0  44.  2 

0  18  52 

22 

3   6  32 

1  32  56 

0  46   7 

0  19  46 

23 

3  15   1 

1  37   9 

0  48  IS 

0  20  40 

24 

3  23  29 

1  41  22 

0  50  19 

0  21  34 

25 

3  31  58 

1  45  36 

0  52  25 

V 

0  22  28 

26 

S  40  27 

1  49  49 

0  54  31 

0*  23  22 

27 

3  48  55 

1  54   3 

0  56  37 

0  24  16 

28 

3  57  24 

1  58  16 

0  58  42 

0  25  10 

29 

4   5  53 

2   2  SO 

1   0  48 

0  26   4 

SO 

4  14  22 

2   6  43 

1   2  54 

0  26  58 

TABLES  or  JUPITER'S  SATEILITE&. 
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THE  MEAN  MOTIONS  OF  JUPITER's  SATELLITES  FOR 
MINUTES  AND  SECONDS, 

THE  FIFTH  T4BLE  CONTINUED 


M 

D   M"   S 

D   M   S 

D   M   S 

D   M   S 

S 

M   S   T 

M  s   r 

MSI 

MSI 

I 

II 

III 

IV 

31 

4  22  50 

2  10  57 

1   5   0 

0  27  52 

32 

4  31  19 

2  15  10 

1   7   6 

0  28  46 

33 

4  39  48 

2  19  23 

1   9  11 

0  29  40 

$4 

4  48  17 

2  23  S7 

1  11  17 

0  30  33 

35 

4  56  45 

2  27  50 

1  13  23 

0  31  27 

36 

5   5  14 

2  32   4 

1  15  29 

0  32  21 

37 

5  13  43 

2  36  17 

1  17  35 

O  33  15 

38 

5  22  11 

2  40  31 

1  19  40 

0  34   9 

39 

5  SO  40 

2  44  44 

1  21  46 

0  35   3 

40 

5  39   9 

2  48  57 

1  23  52 

0  35  57 

41 

5  47  48 

2  53  11 

I,  25  58 

0  36  51 

42 

5  56   6 

2  57  24 

1  28   4 

0  37  45 

43 

6   4  35 

S   1  38 

1  30   9 

0  38  39 

44 

6134 

3   5  51 

1  32  IS 

0  39  33 

45 

6  21  32 

3  10   5 

1  34  21 

0  40.  27 

46 

6  30   1 

3  14  18 

1  36  27 

0  41  21 

47 

6  38  30 

3  18  31 

1  38  33 

0  42  15 

48 

6  46  59 

3  22  45 

1  40  38 

0  43   9 

49 

6  55  27 

3  26  58 

1  42  44 

0  44   2 

50 

7   3  56 

3  31  12 

1  44  50 

0  44  56 

31 

7  12  25 

3  35  25 

1  46  56 

0  45  50 

32 

7  20  54 

3  39  39 

1  49   2 

0  46  44 

53 

7  29  22 

3  43  52 

1  51   7 

0  47  38 

54 

7  37  51 

3  48   6 

1  53  13 

0  48  32 

55 

7  46  20 

3  52  19 

1  55  19 

0  49  26 

56 

7  S4h  48 

3  56  32 

1  57  25 

O  50  20 

57 

8   3  17 

4   0  46 

1  59  31 

0  51  14 

58 

8  11  46 

4   4  59 

2   1  36 

0  52   8 

59 

8  20  15 

4   9  12 

2   3  42 

0  53   4 

60 

8  28  43 

4  13  26 

2   5  48 

O  53  56 
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JUPITER,  IN  SEMIDIAMETLJIS  O*  JUPITLK 
TABIE  VI 


DIblANCE  OP  THE  SAlELIITPS  THOM  THE  GEOGLNmiC  PI  UL  01'  JUPH1  11 

•"-, 

0  J  me                         VI  Wui 

I    lull                                                \H     Wilt 

II  Tail                             VIII   Wit! 

^u 

I 

II 

m 

IV 

I 

II 

Hi 

IV 

I 

11 

in 

IV 

p« 

^Linid 

emid 

Sonwd 

Senud 

Semrd 

benud 

&umd 

Somul 

bemid 

Si  raid 

Sinnd 

Si  mul 

** 

0 

0,0 

0,0 

0,0 

0,0 

2,95 

4,70 

7,50 

13,19 

5,12 

8,14 

12,99 

22,85 

30 

1 

0,10 

0,16 

0,26 

0,46 

3,04 

4,84 

7,73 

13,59 

5,17 

8,22 

13,12 

23,O7 

29 

2 

0,21 

0,33 

0,52 

0,92 

3,13 

1,98 

7,95 

13,98 

5,22 

8,30 

13,24 

23,29 

28 

3 

0,31 

0,49 

0,78 

1,58 

'3,22 

5,12 

8,17 

14,37 

5,27 

8,38 

13,36) 

2'3,5I 

27 

4 

0,41 

0,66 

1,05 

1,84 

3,00 

5,26 

8,39 

14,75 

5,31 

b,45 

13,48 

23,71 

26 

5 

0,51 

0,82 

1,31 

2,00 

3,39 

5,39 

8,60 

15,13 

5,36 

8,52 

13,59 

23,01 

25 

6 

0,62 

0,98 

1,57 

2,76 

3,47 

5,53 

8,82 

15,51 

5,40 

8,59 

10,70 

24,  1C 

21 

7 

0,72 

1,14 

1,83 

3,22 

3,56 

5,66 

9,03 

15,88 

5,44 

8,66 

13,81 

24,28 

23 

8 

0,82 

1,91 

2,O9 

3,67 

3,64 

5,79 

9,24 

16,24 

5,48 

8,72 

10,91 

24,46 

22 

9 

0,92 

1,47 

2,34 

4,13 

3,72 

5,92 

9,44 

16,60 

5,52 

8,78 

14,OO 

22,6  * 

21 

10 

1,03 

1,63 

2,60 

4,58 

3,80 

6,04 

9,64 

16,96 

5,55 

8,84 

14,10 

24,7  (> 

20 

11 

MS 

1,79 

2,86 

5,03 

8,87 

6,17 

9,84 

17,31 

5,59 

8,89 

14,18 

24,97 

19 

12 

],23 

1,95 

3,11 

5,48 

3,95 

6,29 

10,04 

17,65 

5,62 

8,94 

14,27 

25,00 

18 

13 

1,33 

2,12 

3,37 

5,93 

4,03 

6,43 

10,23 

17,99 

5,65 

8,99 

14,04 

25,2'; 

17 

14 

1,43 

2,27 

3,63 

6,38 

4,10 

6,53 

10,42 

18,32 

5,68 

9,04 

14,12 

25,36 

16 

15 

1,59 

2,43 

3,88 

6,83 

4,18 

6,65 

10,61 

18,65 

5,71 

9,08 

14,49 

25,48 

15 

16 

1,63 

2,59 

4,13 

7,27 

4,25 

6,76 

10,79 

18,98 

5,73 

9,12 

14,56 

25,60 

U 

17 

1,73 

2,75 

4,38 

7,71 

4,32 

6,88 

10,98 

19,30 

5,76 

9,16 

14,62 

25,71 

n 

18 

1,8$ 

2,91 

4,63 

8,15 

4,39 

6,99 

11,15 

19,61 

5,78 

9,20 

14,67 

25,81 

12 

19 

1,92 

3,06 

4,88 

8,59 

4,46 

7,09 

11,32 

19,91 

5,80 

9,23 

14,72 

25,9O 

11 

20 

2,02 

3,22 

5,13 

9,02 

4,53 

7,20 

11,49 

20,21 

5,82 

9,26 

14,77 

25,98 

10 

21 

2,12 

3,37 

5,37 

9,45 

4,59 

7,81 

11,66 

20,50 

5,83 

9,29 

14,81 

26,O6 

0 

22 

2,22 

3,52 

5,62 

9,88 

4,66 

7,41 

11,82 

20,79 

5,85 

9,31 

14,85 

26,10 

8 

23 

2,31 

S,67 

5,86 

10,31 

4,72 

7,51 

11,98 

21,07 

5,87 

9,33 

14,89 

26,19 

7 

24 

2,40 

3,82 

6,11 

10,73 

4,78 

7,61 

12,14 

21,34 

5,88 

9,35 

14,92 

26,24 

6 

25 

2,50 

3,97 

6,34 

11,15 

4,84 

7,70 

12,29 

21,61 

5,89 

9,3 

14,94 

26,28 

5 

26 

2,59 

4,12 

6,57 

11,57 

4,90 

7,80 

12,44 

21,87 

5,89 

9,38 

14,96 

26,02 

4 

27 

2,68 

4,27 

6,81 

11,98 

4,96 

7,89 

12,58 

22,13 

5,90 

9,39 

14,98 

26,35 

0 

28 

2,77 

4,41 

7,04 

12,39 

5,01 

7,97 

12,72 

22,37 

5,91 

9,40 

14,99 

26,07 

2 

29 

2,86 

4,56 

7,27 

12,79 

5,07 

9,06 

12,86 

22,61 

5,91 

9,40 

15,OO 

26,08 

1 

SO 

2,95 

4,70 

7,50 

13,19 

5,12 

8,14 

12,99 

22,85 

5,91 

9,40 

15,00 

26,08 

0 

*>(• 

XI  Wai                          V  Past 

X  TTcst                              IV  Lao, 

IX  TTcrt                             HI  Just 

TABLES  op  JUPITER'S  SATELIITES, 
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THE  FIRST  EQUATION  OF  LIGHT. 
TABLE  VIJ 


ARGUMENT  DISTANCE  OF  JUPITER  FROM  THE  bUN 

Deg 

Sig  0 

Sig  I 

Sig  II 

Sig  III 

Sig  IV 

Sig  V 

Deg 

0 

16'  15" 

l#  10" 

12'  12" 

8'   7" 

4'   3" 

1'   5' 

30 

1 

16  15 

15   6 

12   5 

7  59 

3  56 

1  1 

29 

2 

16  15 

15   1 

11  57 

7  51 

3  49 

0  57 

28 

3 

16  14 

14  56 

11  49 

7  42 

3  42 

0  55 

27 

4 

16  14 

14  52 

11,  41 

7  34 

8  35 

0  49 

26 

5 

16  13 

14  47 

11  S3 

7  25 

3  28 

0  45 

25 

6 

16  12 

14  42 

11  25 

7  16 

3  21 

0  42 

24 

7 

16  11 

14  37 

11  17 

7   8 

3  14 

0  38 

23 

8 

16  10 

14  32 

11   9 

6  59 

3   7 

0  36 

22 

9 

16   9 

14  27 

11   2 

6  51 

3   0 

0  33 

21 

10 

16   7 

14  21 

10  55 

6  42 

2  53 

0  3O 

20 

11 

16   5 

14  15 

10  47 

6  34 

2  47 

0  27 

19 

12 

16   4 

14   9 

10  38 

6  26 

2  41 

0  24 

18 

13 

16   2 

14   3 

10  30 

6  18 

2  35 

0  22 

17 

14, 

16   O 

13  58 

10  22 

6  10 

2  29 

0  19 

16 

15 

'  15  58 

13  52 

10  14 

6   1 

2  23 

0  17 

15 

16 

(15  56 

13  46 

10   6 

5  53 

2  18 

0  15 

14 

17 

15  54 

13  40 

9  57 

5  45 

2  12 

0  13 

13 

18 

15  51 

13  34 

9  48 

5  37 

2   6 

0  11 

12 

19 

15  48 

13  28 

9  40 

5  29 

2   0 

0  10 

11 

20 

15  45 

13  22 

9  32 

5  21 

1  54 

0   8 

10 

21 

15  42 

13  15 

9  24 

5  13 

1  48 

0   C 

9 

22 

15  39 

13   8 

9  16 

5   6 

1  43 

0   5 

8 

23 

15  36 

13   1 

9   8 

4  58 

1  38 

0   4 

7 

24 

15  33 

12  54 

8  59 

4  50 

1  33 

0   3 

6 

25 

15  30 

12  47 

8  50 

4  42 

1  28 

0  •  2 

5 

26 

15  26 

12  40 

8  41 

4  34 

1  23 

0   1 

4 

27 

15  22 

12  33 

8  32 

4  26 

1  19 

0   1 

<> 

28 

15  18 

12  26 

8  23 

4  18 

1  14 

0   0 

2 

29 

15  14 

12  19 

8  15 

4  11 

1   9 

0   0 

1 

30 

15  10 

12  12 

8   7' 

4   3 

1   5 

0   O 

0 

Sig  XI 

Sig  X 

Sig  IX 

Sig  VIII 

,Slg  VII 

Sig  VI 

i  ,  r  f.-fr 

\OI     I 
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or  jupirm's  SVTLLLIIE& 


THE  SECOND  EQUATION  OF  LIGHT 

T*BLE  VIII 


ARGUWLNT  ANOMALY  OJb  JUPIIXR 

Dog 

Slg  O 

Sig  I 

Sig  IL 

Sig  III 

Sig  IV 

Sig  V 

Dog 

0 

4'  4" 

3'  47" 

3'   3" 

2'  2" 

1'  1" 

0'  16" 

30 

1 

4   4 

3  46 

3   1 

2   P 

0  59 

0  15 

29 

2 

4   4 

3  45 

2  59 

1*  58 

0  57 

0  14 

28 

3 

4.  -4 

3  44 

2  57 

1  56 

0  55 

0  13 

27 

4 

4   4 

3  43 

2  55 

1  53 

0  54 

0  12 

26 

5 

.  4   3 

3  42 

2  53 

1  51 

0  52 

0  12 

25 

6 

4   3 

3  41 

2  51 

1  49 

0  51 

0  11 

24 

7 

4   3 

3  39 

2  49 

1  47 

0  49 

0  10 

23 

8 

4   3 

3  38 

2  47 

1  45 

0  47 

0   9 

22 

9 

4   2 

3  37 

2  45 

1  43 

0  46 

0   8 

21 

10 

4   2 

3  35 

2  44 

1  41 

0  44 

0  7 

20 

11 

4   2 

3  34 

2  42 

1  39 

0  43 

0   6 

19 

12 

4   1 

3  32 

2  4O 

1  37 

0  41 

0   6 

18 

13 

4   0 

3  31 

2  38 

1  35 

0  40 

0   5 

17 

14 

4   0 

3  30 

2  36 

1  33 

0  38 

0   5 

16  ' 

IS 

4   0 

3  28 

2  34 

1  30 

0  36 

0   4 

15 

16 

'3  59 

3  27 

2  32 

1  28 

0  35 

0   4 

14 

17 

1  59 

1  25 

2  29 

1  26 

0  33 

0   3 

13 

J8 

3  58 

3  24 

2  27 

1  24 

0  32 

0   3 

12 

19 

3  57 

3  22 

2  25 

1  22 

0  30 

0   2 

11 

20 

3  56 

3  21 

2  23 

1  20 

0  29 

0   2 

10 

21 

3  55 

3  20 

2  21 

1  18 

0  27 

0   1 

9 

22 

3  55 

3  17 

2  19 

1,  16 

0  26 

0   1 

8 

23 

3  54 

3  15 

2  17 

1.  14 

0  25 

0   1 

7 

24 

3  53 

3  13 

2  15 

1  12 

0  23 

0   1 

6 

25 

3  52 

3  12 

2  13 

1  10 

0  22 

0   0 

5 

26 

3  51 

3  10 

2  10 

1   8 

0  21 

0   0 

4 

27 

1  50 

3   8 

2   8 

1   7 

0  20 

0   0 

3 

28 

3  49 

0   6 

2   6 

1   5 

0  19 

0   0 

2 

29 

3  48  | 

3   5 

2   4 

>   3 

0  17 

0   0 

1 

30 

3"  47 

3   3 

2   2 

1   1 

0  16 

0   0 

0 

%  XI 

Sig  X 

Sig  IX 

Slg  VIII 

Sig  VII 

Sig,  VI, 

EQUATION  OF  THE  CENTER  OF  THE  FOURTH  SATELLITE 

TABLE  IX 
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ARGUMENT  MEAN  ANOMALY 

Deg 

+  VI-0 

+  VII-I 

+  VIII-  II  Deg 

O 

0'   0" 

24'  57" 

43'  22" 

30 

1 

O  52 

25  42 

43  48 

29 

2 

1  44 

26  26 

44  14 

28 

3 

2  37 

27  10 

44  39 

27 

4 

3  29 

27  54 

45   3 

26 

5 

4  21 

28  37 

45  26 

25 

6 

5  13 

29  20 

45  48 

24 

7 

6   5 

30   2 

46   9 

23 

8 

6  57 

30  44 

46  30 

22 

9 

7  48 

31  25 

46  5O 

21 

10 

8  39 

32   6 

47   9 

20 

11 

9  31 

32  46 

47  26 

19 

12 

10  22 

S3  25 

47  42 

18 

13 

11  13 

34   4 

47  58 

17 

14 

12   4 

34  43 

48  13 

16 

15 

12  55 

35  21 

48  28 

15 

16 

13  45 

35  47 

48  42 

14 

17 

14  36 

36  33 

48  56 

13 

18 

15  26 

37   8 

49,  7 

12 

19 

36  15 

37  43 

49  18 

11 

20 

17   4 

38  18 

49  28 

10 

21 

17  53 

38  52 

49  37 

9 

22 

18  41 

39  25 

49  46 

8 

23 

19  29 

39  57 

49  54 

7 

24 

20  17 

4O  28 

50   1 

6 

25 

21   5 

40  59 

50   6 

5 

26 

21  52 

41  29 

50   9 

4 

27 

22  39 

41  58 

50  14 

3 

28 

23  26 

42  27 

50  17 

2 

29 

24  12 

42  55 

50  19 

1 

30 

24  57 

43  22 

50  20 

0 

+  XI-V 

+  X-IV 

+  IX  -III 
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ON  bAl  URN'S   SATLJLLI1LS. 


On  the  Satellites  of  Satutn 

» 

471  In  the  yen  1655,  HUIGENS  discoveicd  the  foiuth  satellite  of  Satutn  , 
and  published  i,Tible  of  its  mein  motion  in  1059  In  1671,  M  CASSINI  dis- 
tcneicd  the  fifth,  ind the  thud  in  1672,  and  in  1684,  the  fiist  and  second, 
iind  aitci wauls  published  TabUs  of  then  motions  lie  called  them  Sidtf  a  Lo- 
doicta,  mhononj  of  Louis  le  GRAND,  in  whose  *eign,  and  obseivatoiy,  they  wcio 
fiist  discoveied  I  Di  HALLEY  found  by  his  own  observations  in  1682,  ih  it 
IIuYGEN&'s  Tables  had  considcnbjy  mn  out,  they  being  about  15°  in  2O  ye«us 
toofoiwaid,  in 4  theieioic  he  composed  new  Tables  fioinm 01  e  conect  elements 
He  also  icfoimeld  M  CA&SINI'S  Tables  of  the  mean  motions ,  and  ibout  the  ycai 
1720,  published  Jthcm  i  second  time,  collected  fiom  Mi  POUND'S  obseivations 
He  obscives,  tlilt  thefoui  inncimbst  satellites  descnbe  oibits  vciy  neaily  in  tlie 
plane  of  the  ring,  which  he  says  is,  as  to  sense,  paiallel  to  om  equatoi  ,  and 
that  the  oibit  oflthe  fifth  is  a  little  inclined  to  them  The  following  Table  c  011- 
tams  the  periodic  times  of  the  five  satellites,  and  then  dibtinceb  m  semidiamcteis 
of  the  img,  as  dcteimmed  by  Mi  |PouND,byamiciometei  fitted  to  the  telescope 
given  by  HUYGTHNS  to  the  Royal  Society  Mi  POUND  fii&t  measured  the  dis- 
tance of  the  foufth,  and  then  deduced  the  *est  fiomthe  propoition  between  the 
squaies  of  the  penodic  times  and  cubes  of  their  distances,  and  these  aie  found 
to  agiec  with  observations 


SdtJ 

lltCb 

Puiodic  Times 
by  POUND 

Bist  in  sumd 
of  Rmo  by 
POUND 

Dist  in  sunul 
of  bituru  by 
POUND 

Dist   in  stand 
oi  RIUL,  by 

(   \sblNI 

Dist    it  tUt 
me  in  dist 
oi  batmn 

I 

ld    21h    18'   27" 

2,097 

4,893 

Hi 

0'  43",5 

II 

2     17     41    22 

2,686 

6,286 

«i 

0  56 

III 

A     12     25    12 

3,752 

89754 

3] 

1    18 

IV 

15     22     41    12 

8,698 

20,295 

8 

t      O 

V 

79       7     49      0 

25,348 

59,154 

23 

8    42,5 

The  last  column  is  fiom  CASSINI  ,  but  Di  Ilawdhtt  makes  the  distance  of 
the  fifth  to  be  8'  31",97,  which  is  piobably  moie  exact  In  tlus  and  the  two 
next  Tables,  the  satellites  aie  numbcied  from  Saturn  as  they  wcie  befoie  the 
discovay  of  the  othei  two, 

On  June  9,  1749,  at  107*   M!  POUND  found  the  distance  of  the  foiuth  saUl- 


ON  SATURN'S 

lite  to  be  3'  7"  with  a  telescope  of  123  feet  and  in  e\cellent  micromctei  fixed 
to  it ,  and  the  satellite  was  at  that  time  very  neai  its  giealebt  eastern  digiession 
Hence,  at  the  mean  distance  of  the  eaith  fiom  Situin,  that  dibtince  becomes 
2'  S8",21  ,  Su  I  NEWTON  makes  it  3'  4" 

472  The  penodic  times  aie  found  as  foi  the  satellites  of  Jupitei  (409  )    To 
deteimme  these,  M  CASSINI  chose  the  time  when  the  semi  minoi  axes  of  tlie  el- 
lipses which  they  descube  weie  the  gieatest,  as  Siturn  wab  then  90°  fiom  then 
node,  because  the  place  of  the  satellite  in  its  oibit  is  then  the  same  as  upon  the 
oibit  of  Saturn ,  wljeieas  m  every  othei  case  it  would  be  necessaiy  to  ipply  the 
reduction  (426)  in  oidei  to  get  the  place  in  its  oibit 

473  As  it  is  difficult  to  see  Saturn  and  the  satellites  at  the  same  time  in,  the 
field  of  view  of  a  telescope,  then  distances  have  sometimes  been  incasiued  by 
obseivmg  the  time  of  the  passage  of  the  body  of  Saturn  ovesi  a  wne  adjusted  a*, 
in  hour  cncle  m  the  field  of  the  telescope,  and  the  inteiv^l  between  the  times 
when  Saturn  and  the  satellite  passed   Fiom  compaung  the  periodic  times  and 
distances,  M  CASSINI  observed  that  KEPI  IK'S  liulc  (218)agieed  veiy  well  with 
observations 

474  By  compaung  the  satellites  with  the  img  in  difluent  points  of  then  oi~ 
bits,  and  the  gieatest  minoi    ixes  of  the  ellipses  which  they  appeal  to  descubt 
compaicd  with  the  major  axes,  the  planes  of  the  oibits  of  the  fhst  foui  are  found 
to  be  veiy  neaily  in  the  plane  of  the  img,  mel  theiefoie  aie  inclined  to.  the  oibit 
of  Saturn  about  30° ,  but  the  01  bit  of  the  fifth,  accoiduig  to  M    CISSINI  the 
Son,  makes  an  angle  with  the  ring  of  about  15° 

475  M  CASSINI  places  the  node  of  the  ring,  and  consequently  those  of  the 
foui  fiist  satellites,  in  5s   22°  upon  the  oibit  pf  S<itmtt,  and  5s  21°  upon  the 
ecliptic      M  HtfYGENS  had  determined  it  to  be  m  5s  20°  SO'    M  MARALDI  in 
1716  determined  the  longitude  of  the  node  of  the  img  upon  the  oibit  of  Satuin 
to  be  5s   19°  48'   30" ,  and  upon  the  ecliptic  to  be  5     16°  20'      The  node  of 
the  fifth  satellite  is  placed  by  M  CASSINI  in   5s    5°    upon  the  oibit  of  Satmn, 
M  dela  LANDL  mikes  it  5s  0°  27'     From  the  obseivation  of  M  BLRNARD   it 
Maiscilles  in  1787,  it  appeals  tliatthe  node  of  this  satellite  is  ictrogiade 

476  Di  HAILLY  discoveied  that  the  orbit  of  the  fouith  satellite  was  excen* 
tnc      For  having  found  its  mean  motion,  he  disco veied  that  its  place  by  obsei- 
vation was  at  one  time  3°  forwaidei  than  by  his  calculations,  and  at  othei  obsei- 
vations  it  was  2°  30'  behind  ,  this  indicated  an  cxcentucity ,  and  he  placed  the 
line  of  the  apsides  in  10s  22°     Phil  Tram   N°  145 
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ON  S11UHN*S    SATELLHTS 


TABLES  OF  THEIR  REVOLUTIONS  AND  MEAN  MOTIONS, 
ACCORDING  TO  M   DE  LA  LANDE 


Sltcl 

Duunal  Motion 

Motion  in  365  days 

I 

6'    10°   41'   53" 

4'      4°    44'    42" 

II 

4     11     32     6 

"4     10     15    19 

III 

2     19     41    25 

9     16    57       5 

IV 

0     22     34    38 

10     20     39    37 

V 

0       4      32   17 

7         6    23    37 

Satel 

Puiodic  Revolution 

Synodic  Revolution 

I 

ld    21U    18'  26",222 

ld    21h    18'   54",778 

II 

2     17     44    51,177 

2      17     45     51,013 

III 

4     12     25    11,10O 

4     12     27    55,239 

IV 

If    22     41     16,022 

15    23      15    23,153 

V 

70      7     53    42,772 

79    22       3     12,883 

477«  M  CASSINI  obscivcd  that  the  fifth  satellite  disappeaicd  icgulaily  for 
about  halt  its  i evolution,  when  it  was  to  the  east  of  Satum ,  fiom  which  he  con- 
cluded, that  it  i  evolved  about  its  axis ,  he  afteiwaids  however  doubted  of 
this  But  Siil  Ni  WTON  m  his  Pi  incipta,  Lib  III  Pi  op  17,  concludes  from 
hence,  that  it  i  evolves  ihout  its  a\is,  and  in  the  same  time  that  it  i  evolves 
about  Satum,  ind  that  the  vauablc  appcaiance  arises  from  some  paits  of  the 
satellite  not  i  effecting  so  much  light  as  otheis  Di  HERSCHLL  has  conmmed 
this,  by  tiacing  icgulaily  the  penodicil  ch  inge  of  light  thiough  moie  than  10 
i  evolutions,  and  finding  it,  in  all  appeal  anccs,  to  be  cotempoiaiy  with  the  le- 
tuin  of  the  satellite  to  the  same  situation  in  its  oibit  This  is  fuithei  conmmed 
by  some  observations  of  M  BLHNARD  it  Muscilles  in  3787,  and  is  a  icmaik- 
ablc  instance  of  analogy  among  the  secondaiy  planets* 


ON  UTCJRN'S  SVPULHI-I. 

4-78  These  are  all  the  satellites  winch  \\cic  kno\vn  to  ic^ohe  about  Situm 
till  the  yeai  1Y89,  when  Di  HERSCHEL,  111  a  Papet  m  the  Plul  Tian\  loi  tint 
yen,  announced  the  discoveiy  of  a  swth  satellite,  intenoi  to  ill  the  otheis,  incl 
piomised  a  fuithei  account  in  inothei  papei  But  in  the  mteimcdiite 
time  he  discovered  a  seventh  satellite,  intenoi  to  the  sixth,  and  in  i  Papei  upon 
Situm  audits  injg,  m  the  Phi  Ttam  1790,  he  lias  given  an  account  of  tlu 
discoveiy,  with  some  of  the  elements  of  then  motions  He  aftei  \vaicls  added 
Tahlcs  of  then  motions 

479  Aftei  his  obseivations  upon  the  nng,  he  says,  he  cinnot  quit  the  sub- 
ject without  mentioning  his  own  surmises,  and  that  of  scveixl   othci  Astiono- 
meis,  of  a  supposed  roughness  of  the  img,  01  inequality  m  the  phnes    md 
inclinations  of  its  flat  sides     This  supposition  arose,    fiom  seeing  luminous 
points  on  its  boundaries  projecting  like  the  moon's  mountains  ,  01  fiom  seeing 
one  aim  bughtei  or  longer  than  another,  01  even  fiom  seeing  one  aim  when 
the  othci  was  invisible   Di   HERSCHEL  was  of  this  opinion,  when  he  saw  one  of 
these  points  move  off  the  edge  of  the  ring  m  the  foim  of  i  satellite      With  his 
20  feet  telescope  he  suspected  that  he  saw  a  si\th  satellite  ,  and  on  Augubt  19, 
1787,  maiked  it  down  as  piobably  being  one ,    md  having  finished  his  telescope 
of  foity  feet  focal  length,  ho  siw  six  of  its  satellites  the  moment  he  dnected  his 
telescope  to  the  planet     This  happened  on  August  28,  1789      The  ictiogiadc 
motion  of  Satuin  \\  is  then  nculy  4'   30'  in  i  di^,  \\hich  mule  it  veiy  easy  to 
asceitain,  \vhether  the  stais  he  took  to  be  satellites  vmc  ically  so,  and  in  about 
two  houis  and  an  half  afteij  he  found  that  the  planet  hid  visibly  earned  them 
all  away  from  then  places      He  continued  his  observations,  and  on  Septeinbu 
179  he  discovered  the  seventh  satellite     These  two  satellites  he  within  the  Dibits 
of  the  othei  five      Their  distances  fiom  the  centei  of  Saturn  are  S6",7889,  and 
28",6689  ,  and  then  penodic  times   ne  id    8/t    53'   8",9  and  22//   37'    22",9 
The  01  bits  of  these  satellites  he  so  neai  to  the  plane  of  the  img,  that  the  drftci- 
cnce  cannot  be  peiceivcd 

480  As  soon  as  he  hid  made  observations  sufficient  to  conshuct  Tables  of 
then  mean  motions,  he  calculated  then  place-.  back\\  uds,  and  found  tint  lus 
suspicions  of  the  existence  of  these  satellites,  in  the  slnpe  of  pi  otubei ant  points 
on  the  aims  of  the  ung,  weie  confirmed,  and  this  served  to  conect  the  Tables 
He  has  also  constiucted  Tibles  of  the  motions  of  the  othei  fi\e  satellites ,  the 
epochs  he  deduced  fiom  his  own  obseivations,  which  diffei  consider  \bly  tiom 
those  given  by  M   de  h  I>NDP,  in  the  Comioiisame  des  Temp\,  for  179J  ,  but 
he  assumed  the  mean  motions  the  same  as  theie  given      The  following  1  iblcs 
of  the  epochs  and  me  in  motions  aie  given  by  Dr  Hr RSCHFL  in  the  PJul  Tt  an\ 
foi  1790     The  satellites  aie  heie  numbciedm  then  oulti  fioir 
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TABTES  01   -SAlURN'fa 


EPOCHS  OF  THE  MEAN  LONGITUDES  OF 
SATURN'S  SATELLITES 


#     * 

VII 

VI 

V 

IV 

III 

II 

I. 

Yiais 

Dcg  dec 

Dcg  dee 

Dc}>  dec 

Dcg  dec 

Dig  dec 

Dcg  dec 

De^  dee 

1787 

335,91 

149,16 

87,21 

272,18 

170,46 

269,31 

307,07 

1788 

196,84 

132,41 

98,86 

173,95 

131,91 

307,48 

65,02 

1789 

53,29 

93,09 

20,82 

304,19 

256,66 

82,92 

161,OO 

1790 

269,6$ 

53,77 

307,78 

74,43 

21,41 

218,36 

256,98 

1791 

120,02 

14,45 

2S4,74 

204,68 

146,16 

353,81 

352,97 

THE  MOTION  OF  THE  SATELLITES  ABOUT  SATURN  IN 

MONTHS 


#     *     * 

VII 

VI 

V 

IV 

III 

II 

I 

Months 

Dc{>  dee 

Dei>  dec 

Deg  dec 

Dig  dec 

De£  dec 

Dcg  dec 

Deg  dec 

Jiimuuy 
Fcbmaiy 
MoicJi 

000,00 

140,68 
267,75 

000,00 
339,89 
252,05 

000,00 
310,40 
21,73 

000,00 

]  17,53 
200,56 

000,00 
151,64 
91,18 

000,00 
224,54 
20,91 

000,00 
320,81 
215,73 

Ajpul 
May 
Juno 

48,43 
184,57 
325,25 

231,95 
189,26 
169,16 

332,13 
202,84 
153,24 

318,14 
304,19 
61,77 

242,81 
203,75 
355,39 

245,45 
207,27 
71,81 

176,54 
115,39 
76,20 

Jidj 
Au^uht 

Soptombci 

101,39 
242,07 
22,75 

126,47 
106,37 
86,26 

23,94 
334,34 
284,74 

47,82 
165,40 
282,98 

316,33 
107,96 
259,60 

33,63 
258,17 
122^72 

15,05 
335,86 
296,67 

Oetobu 
Novcmbci 
December 

158,89 
299,57 

75,71 

43,58 
23,47 
340,78 

155,45 
105,85 
336,56 

269,03 
26,61 
12,66 

220,54 
12,17 
338,11 

84,54 
309,08 
270,90 

235,52 
196,33 
135,17 

In  the  months  January  aud  Fefoumy  of  a  bissextile  yeai,  subtiact  1  fiom 
the  number  of  days  given 
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TABLES  OP  SATURN'S  SATELLITES 
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THE  MOTION  OF  SATURN'S  SATELLITES  IN  DA  YS 


b 

VII 

VI 

V 

IV 

III 

II 

I 

t> 

CO 

Deg  dec 

Deg  dec 

Dcg  dec 

Dtg  dec 

Deg  dec 

Dcg  dct 

Dtg  dec 

1 

4,54 

22,58 

79,69 

131,53 

190,70 

262,73 

"1,96 

2 

9,08 

45,15 

159,38 

263,O7 

21,40 

165,45 

43,92 

3 

13,61 

67,73 

239,07 

34,60 

212,09 

68,18 

65,88 

4 

18,15 

90,31 

318,76 

166,14 

42,79 

330,91 

87,85 

5 

22,69 

112,89 

38,45 

297,67 

233,49 

233,64 

109,81 

6 

27,23 

135,46 

118,14 

69,21 

64,19 

136,36 

131,77 

7 

31,77 

158,04 

197,83 

200,74 

254,89 

39,09 

153//3 

8 

36,30 

180,62 

277,52 

332,28 

85,58 

301,82 

175,69 

9 

40,84 

203,19 

357,21 

103,81 

276,28 

204,55 

197,65 

10 

45,38 

225,77 

76,90 

235,35 

106,98 

107,27 

219y62 

11 

49,92 

248,35 

156,59 

6,88 

297,68 

10,00 

241,58 

12 

54,46 

270,93 

236,28 

138,42 

128,38 

272,73 

269,54 

13 

58,99 

293,50 

315,97 

269,95 

319,07 

175,45 

285,50 

14 

63,53 

316,08 

35,66 

41,49 

149,77 

78,18 

307,46 

15 

68,07 

338,66 

115,85 

173,02 

340,47 

340,91 

329,42 

16 

72,61 

1,24 

195)04 

304,56 

171,17 

243,64 

351,39 

17 

77,15 

23,81 

274,74 

76,09 

1,87 

146,36 

13,35 

18 

81,69 

46,39 

354,43 

207,63 

192,56 

49,09 

35,31 

19 

86,22 

68,97 

74,12 

339,16 

23,26 

311,82 

57,27 

20 

90,76 

91,54 

153,81 

110,70 

213,96 

214,54 

79,23 

21 

95,30 

114,12 

233,50 

242,23 

44,66 

117,27 

101,19 

22 

99,84 

136,70 

Sl%19 

13,77 

235,35 

20,00 

123,16 

23 

104,38 

159,28 

32,88 

145,30 

66,05 

282,73 

145,12 

24 

IO8,91 

181,85 

112,57 

276,84 

256,75 

185,45 

167,08 

26 

115,45 

204,43 

192,26 

48,37 

87,45 

88,18 

189,04 

26 

117,99 

227,01 

271,95 

179,91 

278,15 

350,91 

211,00 

27 

122,&3 

249,58 

351,64 

311,44 

108,84 

253,64 

232,96 

28 

IPWf 

272,16 

71,33 

82,98 

299,54 

156,36 

254,92 

29 

ipljlb 

294,74 

151,02 

21*,51 

130,24 

59,09 

276,89 

30 

136,14 

317,32 

230,71 

346,05 

320,94 

321,82 

298,85 

31 

140,68 

339,89 

310,40 

117,58 

151,64 

224,54 

320,81 

VOL     I 


O  0 
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TABLES  or  SATURN'S  SATELLITES 


THE  MOTION  OF  SATURN'S  SATELLITES  IN  HOURS 


w 

o 

VII 

VL 

V 

IV 

III 

II 

I 

CQ 

Deg  dec 

Dcg  dec 

Dcg  dec 

D<g  die 

Dcj,  dec 

Dcg  dec 

Dcg  dec 

1 

0,19 

0,94 

3,3* 

5,48 

7,95 

10,95 

15,92 

2 

0,38 

1,88 

6,64 

10,96 

15,89 

21,89 

31,83 

3 

0,57 

2,82 

9,96 

16,44 

23,84 

32,84 

47,75 

4 

0,76 

3,76 

13,28 

21,92 

31,78 

43,79 

63,66 

5 

0,95 

4,70 

16,60 

27,40 

39,73 

54,73 

79,58 

6 

1,13 

5,64 

19,92 

32,88 

47,67 

65,68 

95,49 

7 

1,32 

6,58 

23,24 

38,36 

55,62 

76,63 

111,41 

8 

1,51 

7,53 

26,56 

43,84 

03,57 

87,58 

127,32 

9 

1,70 

8,47 

29,88 

49,33 

71,51 

98,52 

143,24 

10 

1,89 

9,41 

33,20 

54,81 

79,46 

109,47 

159,15 

11 

2,08 

10,35 

36,52 

60,29 

87,40 

120,42 

175,07 

12 

2,27 

11,29 

39,84 

65,77 

95,35 

131,36 

190,98 

13 

2,46 

12,23 

43,17 

71,25 

103,29 

142,31 

206,90 

14 

2,65 

13,17 

46,49 

76,73 

111,24 

153,26 

222,81 

15 

2,84 

14,1] 

49,81 

82,21 

119,19 

164,2O 

238,73 

16 

3,03 

15,05 

53,13 

87,69 

127,13 

175,15 

254,64 

17 

3,21 

15,99 

56,45 

93,17 

135,08 

186,10 

270,56 

18 

3,40 

16,93 

59,77 

98,65 

143,02 

197,05 

286,47 

19 

3,59 

17,87 

63,09 

104,13 

150,97 

207,99 

302,39 

20 

3,78 

18,81 

66,41 

109,61 

158,91 

218,94 

318,30 

21 

3,97 

19,75 

69,73 

115,09 

166,86 

229,89 

334,22 

22 

4,16 

20,70 

73,05 

120,57 

174,81 

240,83 

850,33 

23 

4,35 

21,64 

76,37 

126,O5 

182,75 

251,78, 

6,05 

24 

4,54 

22,58 

79,69 

131,<53 

190,70 

2^2,73 

21,96 

TABLES   OF  SATt7RN*S   SATELLITES 
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THE  MOTION  OF  SATURN'S  SATELLITES  IN  MINUTES 


§ 

VII 

VI 

V 

IV 

III 

II 

I 

w 

en 

Deg  dec 

Deg  de 

DC}  tie 

Dts  de 

Deg  c"e 

Deg  dec 

Deg  dt,c 

1 

0,00 

0,02 

0,06 

0,09 

0,13 

0,18 

0,27 

2 

0,01 

0,03 

O,ll 

0,18 

0,26 

0,36 

O,53 

8 

0,01 

0,05 

0,17 

0,27 

0,40 

O,55 

0,80 

4 

0,01 

0,06 

0,22 

0337 

0,53 

0,73 

1,06 

0 

0,02 

0,08 

0,28 

0,46 

0,66 

0,91 

1,33 

6 

7 

0,02 
0,02 

0,09 
0,11 

0,33 
0,39 

0,55 
0,64 

0,79 
0,93 

1,09 
1,28 

1,59 
1,86 

8 

0,03 

0,13 

0,44 

0,73 

1,06 

1,46 

2,12 

9 

0,03 

0,14 

0,5O 

0,82 

1,19 

1,64 

2,39 

10 

0,03 

0,16 

0,55 

0,91 

1,32 

1,82 

2,65 

11 

0,04 

0,17 

0,61 

1,00 

1,46 

2,01 

£92 

12 

0,04 

0,19 

0,66 

191O 

1,59 

2,19 

3,18 

13 

0,04 

0,20 

0,72 

1,19 

1,72 

2,37 

3,45 

14 

0,05 

0,22 

0,77 

1,28 

1,85 

2,55 

3,71 

15 

0,05 

0,24 

0,83 

1,37 

1,99 

2,74 

3,98 

16 
17 

0,05 
0,06 

0,25 
0,27 

0,89 
0,94 

1,46 
1,55 

2,12 
2,25 

2,92 
3,10 

4,24 
4,51 

18 

0,06 

0,28 

1,00 

1,64* 

2,38 

3,28 

4,78 

19 
20 

0,06 
0,07 

0,30 
0,31 

1,05 
1,11 

1,73 
1,83 

2,52 

2,65 

3,47 
3,65 

5,04 
5,31 

21 

0,07 

0,3$ 

1,16 

1,92 

2,78 

3,83 

5,57 

22 

0,07 

0,34 

1,22 

2,01 

2,91 

4,01 

5,84 

23 

0,08 

0,36 

1,27 

2,1O 

3,05 

4,20 

6,10 

24 

0,08 

0,38 

1,33 

2,19 

3,18 

4,38 

6,37 

25 

0,08 

0,39 

1,38 

2,28 

3,31 

4,56 

6,63 

26 

0,09 

0,41 

1,44 

2,37 

3,44 

4,74" 

6,90 

07 

0,09 

0,42 

1,49 

2,47 

3,57 

4,93 

7,16 

28 

O,00 

0,44 

1,55 

2,56 

3,71 

5,11 

7,43 

29*. 

0,10 

0,45 

1,60 

2,65 

3,84 

5,29 

7,69 

30 

"-WW-BrtWWrt-. 

0,10 

0,47 

•"-"'""'•  I»B.»O.»M. 

1,66 

""•"••I  M-  ..M, 

2,74 

3,97 

5,47 

7,96 

284 


or  SATURN'S  SATELLITES. 


THE  MOTION  OF  SATURN'S  SATELLITES  IN  MINUTES 


£ 

c 

VII 

VI 

V 

IV 

III 

II 

I 

H 
Pi 
co 

)tg  cite 

)cg  dec 

)tg  dec 

X^  dec 

)cg  ckc 

Dc£,  dec 

Dc<>   dci 

31 

0,10 

0,49 

1,72 

2,83 

4,10 

5,66 

8,22 

32 

0,11 

0,50 

1,77 

2,92 

4,24 

5,84 

8,49 

33 

0,11 

0,52 

1,83 

3,01 

4,37 

6,02 

8,75 

34 

0,11 

0,53 

1,88 

3,10 

4,50 

6,20 

9,02 

35 

0,12 

0,55 

1,94 

S,2O 

4,63 

6,39 

9,29 

36 

0,12 

0,56 

1,99 

3,29 

4,77 

6,57 

9,55 

37 

0,12 

0,58 

2,05 

3,38 

4,90 

6,75 

9,82 

38 

0,13 

0,60 

2,10 

3,47 

5,03 

6,93 

10,08 

39 

0,13 

0,61 

2,16 

3,56 

5,16 

7,12 

10,35 

40 

0,13 

0,63 

2,21 

3,65 

5,30 

7,30 

10,61 

41 

0,14 

0,64 

2,27 

3,74 

5,43 

7,48 

10,88 

42 

0,14 

0,66 

2,32 

3,83 

5,56 

7,66 

11,14 

43 

0,14 

0,67 

2,38 

3,93 

5,69 

7,85 

11,41 

44 

0,15 

0,69 

2,43 

4,02 

5,83 

8,03 

11,67 

45 

0,15 

0,71 

2,49 

4,11 

5,96 

8,21 

11,94 

46 

0,15 

0,72 

2,55 

4,2O 

6,09 

8,39 

12,20 

47 

0,16 

0,74 

2,60 

4,29 

6,22 

8,58 

12,47 

48 

0,16 

0,75 

2,66 

4,38 

6,36 

8,76 

12,73 

49 

0,16 

0,77 

2,71 

4,47 

6,49 

8,94 

13,00 

50 

0,17 

0,78 

2,77 

4,57 

6,62 

9,12 

13,27 

51 

0,17 

0,80 

2,82 

4,66 

6,75 

9,30 

13,53 

52 

0,17 

0,82 

2,88 

4,75 

6,88 

9,49 

13,80 

53 

0,17 

0,83 

2,93 

4,84 

7,02 

9,67 

14,06 

54 

0,18 

0,85 

2,99 

4,93 

7,15 

9,85 

14,33 

55 

0,18 

0,86 

3,04 

5,02 

7,28 

10,03 

14,59 

56 

0,18 

0,88 

3,10 

5,11 

7,41 

10,22 

14,86 

57 

0,19 

0,89 

3,15 

5,20 

7,55 

10,40 

15,12 

58 

0,19 

0,91 

3,21 

5,30 

7,68 

10,58 

15,39 

59 

0,19 

0,93 

3,27 

5,39 

7,81 

10,76 

15,65 

60 

0,20 

0,94 

3,32 

5,48 

7,94 

10,95 

1^,92 

For  the  motion  m  Seconds,  for  Deg.  dec.  read  Mm.  dec. 
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ON  SATURN'S  SATELLITES, 

On  these  Tables,  DJ,  HERSCIIEL  makes  the  following  obseivitiom,  « I  have 
not  attempted  to  extend  them  faithei  than  a  few  yeai  sTbackwirds  01  foiwanls, 
as  I  am  notm  possession  of  any  obseiuitions  that  could  authonze  me  to  undei- 
take  such  a  woik  On  the  contraiy,  I  am  well  convinced,  that  no  Tables  will 
give  us  the  situation  of  the  satellites  accmately,  till  we  have  at  least  established 
the  dimenwons  of  then  elliptical  orbits,  and  the  motion  as  well  as  the  situation 
of  then  aphelm  The  epochs  foi  1789,  theiefoie,  must  be  looked  upon 
not  as  mean  ones,  but  such  is  lespect  the  oibits  of  these  satellites  in  then 
situation  duimg  the  time  of  the  following  obscivitions ,  and  the  two  pie- 
•  ceding,  and  two  following  yeais,  miibt  be  all eady  a  little  affected  with  those 
eriois  which  are  the  necessary  consequence  of  oiu  not  knowing  the  lequued 
elements " 
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Dr  MASKELYNE'S  Method  of  investigating  the  Configuration  of  the  Satellites,  ts 

as  jottows 

481  Let  Tbe  the  eaith,  P  the  primary  planet,  g  P  &  the  line  of  the  nodes 
of  the  satellite,  a  S  V  *  its  orbit,  the  plane  of  the  pxpci  rcpicsenting  the  plane 
oi  the  ecliptic,  and  theiefoie  heie  may  be  taken  foi  that  of  the  oibit  oi  the  ph- 
nct ,  and  on  this  plane,  describe  the  aide  e  HD  a  A  with  the  cenlci  P,  pioduce 
TP  to  H  called  the  apogee  point,  diaw  HIT  peipcnchculai  to  the  satellites' 
oibit,  and  U  is  the  apogee  point  in  that  orbit  Assume  the  point  S  the  place 


of  the  satellite,  and  take  C^=90%  join  HS,  diaw  SD  peipendicular 

8 
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and  £R,  w,  peipendiculai  to  the  ecliptic  ,  also  RN,  ao,  zo,  peipendi(  ulai  to 
8  P,  and  RK  to  HP  Then  1  (lad  )  cob  *S  ft  D  tan  S  &  t  in  p  D,  ind 
HDzzHQ  —  aD,  also,  cos  pD  cos  JHD  cos  Sa  cos  £'//,  whoso  <  me 
is  the  appaient  distance  of  the  satellite  at  S  tiom  the  pnmaiy  ,  ind  sin  HD 
sin  8.Z)  tin  S$H(mc\m  of  oibit)  tan  SH &  the  inclination  of  the  dis- 
tance of  the  satellite  fiom  the  pmnuy  to  a  paiallel  to  the  ecliptic  Now  SJK 
the  sine  of  SH  uses  above  01  falls  below  the  plane  of  the  ecliptic,  is  &  /S'  is 
less  01  gieatei  than  180°,  and  it  will  appeal  east  01  west  as  HPR  is  less  01 
greater  than  180°  Also,  1  cos  H&  U  tan  HQ  tan  U&  the  distance 
of  the  apogee  point  of  the  satellite's  orbit  from  a,  and  1  sin  HQ  U  sm»» 
J5To  sin  HU  the  elevation  (JE)  of  the  eye  above  the  plane  of  the  sitclhtc's 
oibit,  01  the  minoi  axis  of  the  satellite's  orbit  on  the  coclcstial  spheie  Now 
Table  I  col  Red  seives  to  find  the  apogee  point,  and  col  Lai  to  find  the 
inclination  of  the  visual  lay  fiom  I  to  the  planet  in  icspcct  to  the  pluic  of 
the  Ring  of  Satuin,  01  oibit  of  the  satellites,  the  sine  of  which  mei-.uu  ,  the 
minoi  axis,  the  majoi  being  unity  The  fust  of  the  two  col  Lett  ocives 
also  to  find  the  inclination  of  the  line  of  the  anssc  of  the  Ring  to  the  ecliptic 
Let,  AD&B  lepresent  the  satellite's  oibit  on  the  ccdestiil  spheic,  AS  tin  sa- 
tellite, AP9  PD  the  semi-major  and  minoi  axes,  then  SK  (peipendiculai 


to  PZ))=the  apparent  distance  of  the  sitclhte  fiom  the  pnmaiy  in  a  hue 
parallel  to  AB9  #/  its  distance  noith  of  the  primary  in  a  line  pupendicular 
to  the  majoi  axis  Now  KK^IIn^AP  xsin  FPH=  IP  x  sin  SU  (fiist 
sm  dist  sat  in  oibil  fiom  apog  point  =  AP  x  sm  (long  *  m  its 


oibit-long  ap  point)  =  A  P  x  sin  (long   *  -long    b  +icd  ),  also,  hI= 
x  sm  E  x  cos  HJ?=:  AP  x  sm  II  U  x  cos  *S  U  (fiist  hgt)  -AP  x  sm    J(mc  of 
Sat  oib  )  x  sin    a  //  (#)  x  cos    MJ  (A*)-AP  x  sm    7x  J-  sm    JV  \-A-\  \  sm 
N—A,  whence  N±  A^  long  ^  —long    sat  node  on  its  oibit±(lon^  sit  — 
long  apog  )j  and  these  argument-*  conespond  to  those  in  Table  III    Take  Uv 
(fiist  fig)  =90°  eastward  of  £7,  tlicn  tP5f=inchn    of  the  tian&xeise  axis  to 
the  ecliptic,  and  xo%  the  inclination  of  the  oibit  ,  also,  &m    iPz    sm    &oz     10 
Pi    SUL  arPo  (KS^gi+90°)oi:  cos   UP  &     1  ,  but  sm    UH    sm,  inclm, 
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sat  oib  sin  H&  1,  and  the  inclination  of  the  eye  above  the  plane  of  the 
sat  oib  in  Table  I  is  hence  constructed  Therefore,  xPz—l&t  taken  from 
Table  I  with  aig  UP®  +90°,  and  the  eastward  of  the  transverse  axis  will 
use  above  01  fall  below  the  plane  of  the  ecliptic,  as  the  said  aig  is  less  or  greater 
than  six 'Signs, 
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TABLE  I 


The  Latitude  and  Reduction  of  Satin  n'j>  Satellites 
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TABLE    II 

1  he  apparent  Distances  of  Saturn's  fiist,  second,  thud,  fouitb,  fifth  and  sixth  Satellites  from  its  C 
in  hncs  parallel  to  the  line  of  the  Ans&  of  the  Rmg  ,   and  of  the  seventh  Satellite  m  lines  parallel  to 
the  longer  a&is  of  its  appai  enl  orbit,  m  scmidiameters  of  the  Ring,  and  hundredths  of  the  same 


ARGUMrNr  —  The  Distance  of  the  Sitelhtc  iroin  the  Apogee 
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1,84 
1,84 

2,09 
2,10 
2,10 
2,10 
2,10 

2,68 
2,69 
2,69 
2,69 
2,09 

3,74 
3,74 
3,75 
3,7j 
3,75 

8,68 
8,69 
8,69 
8,70 
8,70 

25/-0 
^5/32 
25,  33 
!'5>35 
25,35 

^ 

XI   West 

V  Last 

X    West                           IV  East 

|     IX   West                          III  fait 

c 
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TABLE  III 

The  apparent  Distances  of  Sato  n't  fiist,  second,  thud,  jfomUi,  fifth  and  sivth  Saldhtes  flow  the 
bo*  of  the  An*  of  fa  Ring  ,  avl  oj  the  seventh  !>aUlhfL  f>om  the  longer  an,  of  zl  amm 
tent  01  tot,  in  wndiametei  s  of  ike  Ring,  and  hundt  edth»    of  the 
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s 

D 

O  North                     VI  South 

I   North                   VII    South 

II   No,th                VIII  South 

S 

Distance  of  the  Satellites 

Distance  of  the  Sitellites 

Dislince  of  the  S  itellitcs 

D 

30 

29 
28 
27 
26 
25 

24 
23 
22 
21 
20 

9 
18 
17 
16 
5 

14 
13 

ia 

11 

10 

9 
8 

7 
6 

5 

i 
3 
2 
1 
0 

I 

11 

Jll 

IV 

V 

VI 

VII 

I 

If 

III 

IV 

V 

VI 

VII 

I 

II 

III 

IV 

M.IUK 

0,5S 

V 

VI 

VII 

Htniicl 

ciuid 

(.mid 

«  mid 
0,00 

i  in  id 

SL  mid 

ttuid 

icinid 

11  mid 

stnucl 

<>(    1UC 

cuud 

c  nncl 

(  inul 

M  inic 

1(  I1I1C 

sumd 

Linid 

•.tniul 

LIIIIC 

0 

1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

0,00 

0,00 
0,01 
0,02 
0,02 
0,03 

0,00 

0,00 

0,01 
0,02 
0,03 
0,03 
0,01 

0,00 

0,00 

0,00 

0,06 
0,11 
0,17 
0,23 
0,28 

0,18 

0,23 

0,26 

0,j3 

0,17 

1,09 

1,61 

(),il 

0,10 

0,15 

0,81 

1,88 

2,81 

2,87 
2,90 
2,93 
2,95 
2,98 

0,01 
0,01 
0,02 
0,03 
0,04 

0,01 
0,02 
0,03 
0,05 
0,06 

0,01 
0,03 
0,05 
0,06 
0,08 

0,01 
0,07 
0,11 
0,15 
0,19 

0,18 
0,19 
0,19 
0,20 
0,20 

0,21 
0,24 
0,25 
0/26 
0/26 

027 
0,28 
0,28 
0,29 
0/29 

0,27 
0,28 
0,28 
0/29 
0,80 

0,31 
0,35 
0,36 
0,37 
0,38 

0,18 
0,50 
0,51 
0,52 
0,51 

0,55 
0,56 
0,58 
0,59 
0,60 

1,12 
1,15 
1,18 
1,21 
1,25 

1,69 
1,74 
1,79 
1,83 
1,88 

0,31 
0/,1 
0,32 
0,32 
0,32 

0,10 
0,40 
0,11 
0,41 
0,42 

0,42 
0,42 
0,43 
0,13 
0,13 

0,46 
0,46 
0,47 
0,47 
0,48 

0,59 
0,59 
0,60 
0,60 
0,61 

),h2 
0,83 
0,83 
0,84 
0,85 

1,90 
1,92 
1,91 
1,95 
1,97 

1,99 
2,00 
2,02 
2,03 
2,01 

0,01 
0,0  1 
0,0(3 
0,05 
0,06 

0,05 
0,05 
0,06 
007 
0,08 

0,05 
0,06 
0,07 
0,08 

o,oy 

0,07 
0,08 
0,09 
0,10 
0,12 

0,1Q 
0,11 
0,13 
0,H 
0,16 

0,23 
0,26 
0,30 
0,31 
0,38 

0,34 
0,40 
0,46 
0,51 
0,57 

0,21 
0,21 
0,22 
0,22 
0,23 

0,31 
0,31 
0,32 
0,33 
0,34 

0,31 
0,,5 
0,  36 
0,  J6 
0,37 

0,49 
0,40 
0,41 
012 
0,1* 

1/28 
1,31 
1,34 
1,37 
1,40 

1,93 
1,98 
2,02 
2,07 
2,11 

0,32 
0,J3 
0,33 
0,33 
0,33 

0,48 
0,48 
0,49 
0,49 
0,19 

0,61 
0,62 
0,62 
0,63 
0,63 

0,86 
0,86 
0,87 
0,88 
0,8S 

3,00 
3,02 
3,01 
3,06 
3,08 

0,07 
0,07 
0,08 
0,09 
0,09 

0,09 
0,09 
0,10 
0,11 
0,12 

0,JO 

Ul 
0,12 
0,13 
0,14 

0,13 
0,11 
U5 
),16 
0,17 

0,18 
0,19 
0,21 
0,23 

0,24 

0,41 
0,15 
0,19 
0,53 
0,56 

),60 
0,64 
0,67 
0,71 
0,74 

0,78 
0,81 
0,S5 
0,88 
092 

063 
0,66 
0,71 
0,79 
0,85 

0,23 
0,21 
0,21 
0,25 
0,20 

0,30 
0,31 
0,31 
0,V2 
0,32 

0,41 
0,15 
0,4  6 
0,47 
0,48 

0,61 
0,63 
0,61 
0,65 
0,66 

1,43 
1,15 
1,18 
1,51 
1,54 

1,56 
1,59 
1,61 
1,61 
1,66 

2,15 
2,19 
2,24 
2,28 
2,32 

0,J1 
0,34 
0,31 
0,31 
0,34 

0,13 
0,44 
0,41 
0,44 
0,4  i 

0,45 
0,45 
0,45 
0,45 
0,45 

0,49 
0,19 
0,50 
0,50 
0,51 

0,61 
0,64 
0,61 
0,65 
0,65 

0,89 
0,89 
0,90 
0,90 
0,90 

2,06 
2,07 
2,08 
2,09 
2,10 

3,10 
3,12 
3,14 
3,15 
9,1  f 

3,18 
3/20 
3/21 
3,22 
3/23 

3,21 
3/25 
3,26 
3/26 
3,27 

16 
17 
18 
19 
20 

21 
22 
23 
24 
2* 

0,10 
0,10 
0,11 
0,12 
0,12 

0,13 

o,n 

0,14 
0,15 
0,16 

0,16 
0,17 
0,18 
0,19 
0,19 

0,14 
0,15 
0,16 
0,17 
0,18 

019 
0,20 
0,21 
0/21 
0,22 

0,18 
0,20 
0,21 
0,22 
0/23 

0,24 
0,25 
0,26 
0,27 
0,28 

),26 
0,27 
>,'9 
0,>0 
0,32 

0,33 
0,35 
0,36 
0,38 
0,39 

0,90 
0,96 
1,01 
107 
1,12 

1,1ft 
1,2  i 
1,29 
1,31 
liW 

0,26 
0,26 
0,26 
0,27 
0,27 

0,33 
0,31 
0,34 
0,35 
0,35 

0,38 
0,38 
0,49 
0,40 
0,10 

0,4S 
0,49 
0,50 
0,51 
0,51 

0,67 
0,69 
0,70 
0,71 
0,72 

2,36 
2,40 
2,44 
2,18 
2,51 

0,35 
0,35 
),35 
0,35 
0,35 

0,51 
0,51 
0,51 
0,51 
0,52 

0,65 
0,65 
0,66 
0,66 
0,66 

0,91 
0,91 
0,92 
0,92 
0,92 

2,11 
2,12 
2,13 
2,13 
2,11 

2,15 
2,15 
2,16 
2,16 
2,17 

0,13 
0,13 
0,14 
0,14 
0,15 

0/2S 
0,2& 
0,29 
029 
0,29 

0,36 
0,36 
0,37 
0,37 
0,38 

0,41 
0,41 
0,42 
0,42 
0,43 

0,52 
0,51 
0,54 
0,5* 
0,55 

0,73 
0,71 
075 
0,76 
0,77 

1,69 
1,71 
1,74 
1,76 
1,78 

2,55 
2,58 
'2,62 
265 
2,69 

0,35 
035 
0,35 
0,35 
0,36 

0,45 
0,45 
0,46 
0,46 
0,46 

0,52 
0,5" 
0,52 
0,52 
0,52 

0,66 
066 
0,67 
0,67 
0,67 

0,92 
0,93 
0,93 
V>3 
0,93 

26 
27 
28 
29 
SO 

0,16 
0,16 
0,17 
0,17 
0,18 

0,20 
0,21 
0,22 
0,22 
023 

0,28 
0,24 
0,25 
0,25 
0,26 

0,29 
0,30 
0,91 
0,32 
0,33 

0,41 
0,42 
0,44 
0,45 
0,47 

0,95 
0,99 
1,02 
1,06 
1,09 

1,44 
1,49 
1,54 
1,59 
1,64 

0,30 
0,JO 
0,30 
0,31 
0,31 

0,38 
0,39 
0,39 
0,39 
0,40 

0,4* 
0,4  i 
0,4* 
0,45 
0,45 

0,56 
0,56 
0,57 
0,5S 
0,58 

0,78 
0,79 
0,79 
0,80 
0,81 

1,80 
1,82 
1,81 
1,86 
1,88 

272 
2,75 
2778 
',81 
2,84 

0,36 
0,36 
0,36 
0,36 
0,36 

0,16 
0,16 
0,46 
0,46 
0,16 

0,52 
052 
0,52 
0,52 
0,52 

0,67 
0,67 
0,67 
0,67 
0,67 

0,93 
0,93 
0,91 
0,94 
0,91 

2,17 
2,17 
2,17 
2,17 
2,17 

3,27 
3,28 
3/28 
3/28 
3,28 

S 

XI  South                     V  North 

X   South                    IV   Notth 

IX    South 

III    North 
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The  Use  of  the  three  foregoing  Tables  for  finding  the  apparent  Positions  of  Sa- 
Imn's  Satellites  at  any  Time.,  with  respect  to  Saturn  and  the  Line  oj  the  Ansce  oj 
the  Rtng 

482  Fiom  Saturn's  geocentric  longitude,  taken  out  of  the  Nautical  Alma- 
nac,  subtiactthe  place  of  the  satellite's  ascending  node  (at  piesent  5s  20°  54' 
foi  ill  but  the  seventh,  and  foi  that  5s  6°  4'),  and  theie  will  lemam  the  aigu- 
ment  of  latitude ,  with  which  take  the  i eduction  out  of  Table  I,  and  subtiact 
it  fiom  the  aigument  of  latitude  in  the  fiibt  01  thud  quadrant,  but  add  it  to  the 
same  in  the  second  01  fouith  quadiant ,  th  it  is,  accoiding  to  the  sign  put  at  the 
top  01  bottom  of  the  Table  in  the  column  of  i  eduction,  and  you  will  have  the 
distance  of  the  apogee*  point  of  the  satellite's  oibitfiom  the  node  Apply  the 
reduction  also,  and  with  the  same  sign  as  befoie,  to  Saturn's  geocentuc  longi- 
tude, and  you  will  have  the  longitude  of  the  apogee  point  on  the  satellite's  orbit 
Subtiict  the  longitude  of  the  apogee  thus  found  fiom  the  satellite^  longitude, 
and  theie  will  lemam  the  distance  of  the  satellite  fiom  the  apogee ,  with  which 
m  Table  II  find  the  appaient  distances  of  the  satellites  fiom  Saturn's  centei, 
measmed  in  lines  paiallel  to  the  longei  axis  of  the  img,  except  of  the  seventh 
satellite,  which  will  be  measuicd  in  lines  puallel  to  the  longei  axis  of  its  ap- 
paient elliptical  01  bit,  and  if  the  aigument  be  undei  six  signs,  the  satellite  will 
be  east  of  Saturn's  centei ,  but  if  the  aigument  be  gieater  than  six  signs,  the 
satellite  will  be  west  of  Saturn's  centei,  as  is  inaiked  by  the  side  of  the  signs 
of  the  aigument  in  the  Table 

Add  and  subtract  the  distance  of  the  satellite  fiom  the  apogee  to  and  fiom  the 
aigument  of  latitude,  and  you  will  have  two  aiguments,  with  which  entei  Table 
III  sepaiately,  and  take  out  the  conespondent  latitudes,  with  then  piopei 
titles  noith  01  south,  standing  by  the  bigns  of  the  aiguments ,  of  which,  if 
both  of  the  same  kind,  the  sum  with  the  common  title ,  but  if  of  different  kinds, 
the  diffeience  with  the  title  of  the  gieatei,  will  be  the  latitude  of  the  satellite, 
as  seen  fiom  the  eiith,  meisuied  by  its  appaient  distance  fiom  the  line  of  the 
ansoe  of  the  img ,  except  m  the  seventh  satellite,  which  is  measuied  by  its  dis- 
tance fiom  the  longei  axis  of  its  appaient  ellipses,  in  semidiameteis  of  the  ring, 
and  hundiedths  of  the  same 

Add  thiee  signs  to  the  distance  of  the  apogee  from  the  node,  with  which 
take  out  the  latitude  fiom  Table  I  with  its  propel  title,  north  or  south,  adjoin- 

*  The  satellite  will  be  m  apogee,  when  its  longitude  in  its  orbit,  is  equal  to  Saturn's  longitude,  cor- 
lected  by  icduction  by  Table  I ,  and  it  is  m  its  perigee,  when  its  longitude  m  itb  oibit  is  opposite  to 
Satm  n't,  longitude  coriected  by  i  eduction,  and  it  is  fct  its  greatest  elongation,  when  its  longitude  is, 
90°  fiom  the  lopgitudes  of  the  apogee  or  ptngee  7 
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mg  to  the  sign  of  die  argument,  which  will  be  the  appiient  inclination  of  the  line 
of  thcausze  of  Satuin's  nng,  01  of  the  lougei  axis  of  the  seventh  satellited  oibit, 
to  SatuinS  01  bit,  and  the  line  of  the  ansae,  01  longei  axis  of  the  seventh  satel- 
lited oibit,  will  ascend  fiom  west  to  cast  noithwaid  above  Satuin'b  appaient 
ojibit  m  the  hea\  ens,  01  descend  from  west  to  cast  southward  below  it,  accord- 
ing is  the  title  adjoining  to  the  sign  of  the  argument  in  the  Table  is  noith  01 
south  Change  the  title  of  the  inclination  of  the  line  of  the  ansse  of  the  ring 
to  Satuin's  oibit  to  the  contrary ,  and  if  the  inclination  of  the  line  of  the 
ansoe  of  the  ling  with  the  title  thus  changed,  and  the  inclination  of  the  longer 
a\ib  of  the  seventh  satellite's  orbit,  be  of  the  same  kind,  their  sum  with  the 
common  title ,  but  if  of  difFeient  kinds,  their  difference,  with  the  title  of  the. 
greater,  will  be  the  inclination  of  the  longei  axis  of  the  seventh  satellite's  orbit 
to  the  line  of  the  ansje  of  the  nng  And  the  longei  axis  of  the  seventh  satel- 
lite's 01  bit  will  ascend  fiom  west  to  east  noithwaid  above,  or  descend  fiom  west 
to  east  southwaid  below  the  hne  of  the  ausae,  according  at>  the  ie&ultmg  title  13 
noith  or  south. 
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ON   THE   SA1EL1IITS   OF   1HE   GEORGIW 

On  the  Satellites  of  the  Geoi  gian 

483  On  Januny  n,  1787,  as  Di    HruscHLL  was  obseiving  the  Georgian, 
he  pciceivcd,  neai  its  disc,  some  veiy  small  stub,  whose  places  he  noted    The 
next  evening,  upon  examining  them,  he  found  that  two  of  them  weie  missing 
Suspecting  thcicfoic  that  they  might  be  s  itelhtes  which  had  disappcucdm  con- 
sequence oi  having  chinged  then  situation,  he  continued  his  obseivitions,  and 
m  the  comsc  of  a  month  discovcicd  them  to  be  satellites,  as  he  had  at  fiist 
conjectiucd      Of  this  discoveiy  he  give  in  account  in  1he  Pint  Trans   1787 

484  In  the  Phil  Tram   1788,  lie  published  a  fuithei  account  of  this  disco- 
veiy, containing  then  pcnodic  times,  distances,  and  positions  of  then  oibits, 
so  f  u  as  he  was  then  able  to  asceitam  them      The  most  convenient  method  of 
detci mining  the  penodic  time  of  a  satellite  is  cithei  faom  its  eclipses,  oi  fioin 
taking  its  position  in  seveial  successive  oppositions  of  the  planet,  but  no 
eclipses  hive  yet  happened  since  the  discoveiy  of  these  satellites,  and  it  would 
be  waiting  a  long  time  to  put  in  piactice  the  othei  method      Di    ULRSCIIEL 
theiefoic  took  then  situations  whcnevei  he  could  asceitam  them  with  some  de« 
giee  of  piecision,  and  then  i educed  them  by  computation  to  such  situations  as 
weie  nccessaiy  foi  his  puipose    In  computing  the  penodic  times,  he  has  taken 
the  synodic  i  evolution,  as  the  positions  of  then  oibits,  it  the  times  when  then 
Mtuilions  weie  taken,  weie  not  sufficiently  known  to  get  a  veiy  accmate  side- 
real i  evolution     The  mean  of  seveial  icsults  gave  the  synodic  i  evolution  of  the 
in st  satellite  8 d  17#   l'  19",3,  and  of  the  second  13^  li/i    5'    l",5      The  le- 
sults,  he  obseives,  of  which  these  aie  a  mean,  do  not  much  chffei  among  them- 
selves, and  theiefoic  the  mean  is  piobably  toleiably  accurate      The  epochs 
fiom  which  then  situations  miy  at  any  time  be  computed  aic,  foi  the  fiist, 
Octobci   19,  1787,  it  19//    11'    28",  and  ioi  the  second,  at  11  h  22'  40",  at 
which  times  they  \vcic  76°  43'  noith  following  the  planet 

485  The  ne\t  thing  to  be  deteimmcd  in  the  elements  of  these  satellites,  was 
then  distances  fiom  the  phnet,  to  obtim  which,  he  found  one  distance  by  ob- 
sen  ition,  and  then  the  other  fiom  the  penodic  times  (218)     Now  m  attempt- 
ing to  discovei  the  distince  of  the  second,  the  oibit  was  seemingly  elliptical 
On  Maich  18,  1787,  at  8h  2'  50",  he  found  the  elongation  to  be  46",46,  this 
being  the  gieatest  of  all  the  mcosuics  he  had  taken      Hence  it  the  mean  ehs- 
t  mce  of  the  Geoigian  fiom  the  eaith,  this  elongation  will  be  44",23     Admitting 
Ihciefoie,  foi  the  piesent,  says  Di    HERSCIIEL,  that  the  satellite  moves  in  a 
ciieulai  01  bit,  we  may  take  44",23  foi  the  tine  distance  without  much  eiroi , 
hence,  as  the  squiies  of  the  periodic  times  arc  as  the  cubes  of  the  distances, 
the  distance  of  the  fiist  satellite  comes  out  33",09      The  synodic  i  evolutions 
were  hca  used  instead  of  the  sidereal,  which  will  make  but  a  small  eiioi 
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486  The  last  thing  to  be  done  was  to  dctciinmc  the  inclination  of  the 
and  places  of  then  nodeb  And  heic  a  difficulty  piescnted  itself  which  could 
not  be  got  ovei  at  the  time  of  his  fiistobscivition ,  foi  it  could  not  then  be  de- 
teirnmed  which  pait  of  the  oibit  was  inclined  to  the  cuth,  and  which  from  it 
On  the  two  diffeient  suppositions  theicfoic  Di  ULRSCIIIL  has  computed  ihe 
inclinations  of  the  oibits,  and  the  places  of  the  nodes,  and  found  them  is  fol- 
lows The  orbit  of  the  second  s  itelhtc  is  inclined  to  the  ecliptic  99°  4  3'  Si",*}, 
or  81°  6'  4",4>  its  ascending  node  upon  the  ecliptic  is  in  5*  18%  01  8'  G°, 
and  when  the  planet  comes  to  the  ascending  node  oi  this  satellite,  whic  h  -will 
happen  about  the  yeai  1799,  01  1818,  the  noithein  half  of  the  01  bit  will  be 
tuincd  towaids  the  east,  01  west,  at  the  time  of  its  mcudun  passage  M  do 
LAMBRL  makes  the  ascending  node  m  5s  21°,  01  8s  9°,  fiom  Dr  HJLRSCIU  i/«» 
obseivations  The  situation  of  the  oibit  of  the  fiist  satellite  does  not  matciuilly 
cliffei  fiom  that  of  the  second  The  light  of  the  sitellites  is  exUcmely  faint  j 
the  second  is  the  bnghtest,  but  the  difFeicnce  is  small  The  satellites^  aic  pio- 
bably  not  less  than  those  of  Jupttei  Iheie  will  be  eclipses  of  these  satellites 
about  the  yeai  1799,  or  1818,  when  they  will  appeal  to  ascend  tlnough  the 
shulow  of  the  planet,  m  a  duection  almost  perpendicular  to  the  ecliptic  In 
the  Phil  Trans,  for  1798,  Di  IlrRscnrL  announced  the  discovciy  of  four 
othei  satellites  of  the  Geoigian ,  and  that  the  motions  of  all  the  satellites  aie 
retiogiade 


CHAP.  XXL 

ON  THE  RING  OF  SATURN 

Ait  487   VTALILEO  was  the  first  peison  who  ohberved  any  thing  extraordi- 
naiy  in  Saturn    The  planet  appeal  ed  to  him  like  a  laige  globe  between  two  small 
ones      In  the  yeai   1610  he  announced  this  discoveiy      He  continued  his  ob- 
seivations  till  1612,  when  he  was  suipnsed  to  find  only  the  middle  globe  ,  but 
sometime  aftei  he  again  dibcoveied  the  globes  on  each  side,  which,  in  piocess 
of  time,  appealed  to  change  then  foim,  sometimes  appealing  lound,  some- 
times oblong  like  an  acorn,  sometimes  semicucular,  then  with  hoins  towaids 
the  globe  m  the  middle,  and  gi  owing  by  degiees  so  long  and  wide  as  to  en- 
tompiss  it,  as  it  weie  with  in  oval  img      Upon  this  HUYGLNS  set  about  im- 
pioving  the  ait  of  gnndmg  object  glasses  ,    ind  made  telescopes  which  magni- 
fied two  01  thiee  times  moie  than  any  which  had  been  befoie  made,  with 
which  he  discoveied  veiy  cleaily  the  img  of  Saturn,  and  having  obseived  it 
foi  some  time,  he  published  the  discoveiy  in  1656      lie  made  the  space  be- 
tween the  globe  and  the  img  equil  to,  01  lathei  biggci  thin  the  bieadth  of  the 
img  ,  and  the  gieatest  dnmetei  oi  the  ring  to  that  ol  the  globe  as  9  to  4    But 
Mi  POUND,  with  a  miciomcter  ipphed  to  Iliryoi  NS'S  telescope  of  123  feet  long, 
detei  mined  the  iatio  to  be  as  7  to  3      Mi   "WmsTON,  in  his  Memons  of  the 
Life  of  Di    CLARK,  i  elates,  that  the  Doctors  Fathei  once  saw  a  fixed  stai  be- 
tween the  img  and  the  body  of  .Saturn     In  the  yeai  1675,  M  CASSINI  saw  the 
img,  and  obseived  upon  it  a  claik  elliptical  line,  dividing  it  as  it  weie  into  two 
nngs,  the  mnei  of  which  appealed  bughtei  than  the  outci      He  also  obseived 
a  daik  belt  upon  the  planet,  paiallel  to  the  majoi  axis  of  the  img     Mi   HAD- 
JLY  obbeivecl,  that  the  outei  pait  oi  the  img  seemed  nuiowci  than  the  iniiu 
piit,  and  that  the  daik  line  was  faintei  towaids  its  uppei  edge,  he  also  saw 
two  belts,  and  ob&eived  the  shadow  of  the  ring  upon  Saturn    In  Octobei  1714, 
when  the  plane  of  the  img  veiy  neaily  passed  tlnough  the  eaith,  and  was  ap- 
pi  caching  to  it,  M    MARALDI  obseived,  that  while  the  aims  weie  dccieayng 
both  m  length  and  bieadth,  the  eastern  aim  appealed  a  little  laigei  than  the 
othu  foi  thiee  01  foui  nights,  and  yet  it  vanished  fiist,  foi  aftei  two  nights  m- 
teuuption  by  clouds,  he  saw  the  western  aim  alone      This  inequality  of  the 
ring  made  him  suspect  that  it  wib  not  bounded  by  exactly  paiallel  planes    and 
tint  it  tinned  about  its  axis      But  the  best  debcnption  of  this  smgulai  pheno- 
menon is  that  given  by  Di   HLRSCHEL  in  the  Phil  Tiam  1790,  \vlio,  by  m-> 
e  \tiaoidmary  telescopes,  has  discoveied  many  cncumstances  which  had  escaped 
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no      all  otliei  ob^eiveib      We  shall  heie  give  the  substance  of  his  accourt      Figme 
105      105,  is  a  \iew  of  Situin  and  its  nng,  as  they  ippiaicd  on  June  20,  177b 

488  The  hhck  disc,  01  belt,  upon  the  nng  ol  Situin  is  not  in  the  middle  ol 
its  bieadth  ,  noi  is  the  11113  subdiudcd  by  miny  such  lines,  as  Ins  been  icpic- 
sented  by  some  isLionomcib,  bm  thcie  is  one*  single,  duk,  cons^dciably  bio  id 
line,  belt,  01  zone,  i>  m  tln->  Jftguie,  which  he  has  constantly  found  on  the  noitli 
side  of  the  img  As  tins  duk  bell-  is  subject  to  no  change  whatevei,  it  is  pio- 
bably  owing  to  some  permanent  construction  of  the  suiface  of  the  img  rl  his 
construction  cannot  be  owing  to  the  shadow  of  a  chain  of  mountains,  since  it 
is  visible  all  lound  on  the  nng  ,  tfoi  at  the  ends  of  the  nng  theie  could  bo  no 
shade  ,  and  the  same  argument  Will  hold  against  iny  supposed  caverns  It  is 
moieovei  pietty  evident,  that  this  daik  Kone  is  contained  between  two  conccn- 
tnc  circles,  as  all  the  phenomena  answei  to  the  piojection  of  such  a  7one  The 
substance  of  the  ring  is  undoubtedly  no  less  solid  than  the  planet  itself  ,  and  it  is 
obseived  to  casft  a  stiong  shadow  upon  the  planet  The  light  of  the  nng  is 
also  geneially  bnghtei  than  that  of  the  planet  ,  foi  the  nng  appeals  sufficiently 
blight,  when  the  telescope  affoids  scaicely  light  enough  rfbi  Saturn  Di  Hi  its* 
can,  next  takes  notice  of  the  extreme  thin-ness  of  the  ring  Heflequently 
saw  the  fiist,  second,  thud,  fourth  and  fifth  satellites  pass  before  and  behind  the 
nng  m  such  a  manner,  that  they  seived  as  art  excellent  imciomoter  to  measuio 
its  thickness  by  It  may  be  piopei  to  mention  a  few  instances,  as  they  serve 
also  to  solve  some  phenomena  obseived  by  othei  Astionomeis,  without  having 
been  accounted  foi  in  any  minnei  that  could  be  admitted  consistently  with 
othci  known  facts  July  IS,  1789,  at  19k  41'  9  sideieal  time,  the  tmul  satel- 
lite seemed  to  h  m*>  upon  the  following  urn,  declining  i  little  towuds  the  noith, 
and  was  seen  gndually  to  idvance  upon  it  towaids  the  body  of  fcJitiun  ,  but 
the  nng  was  not  so  thick  as  the  lucid  point  July  23,  it  197*  41'  8",  the  fourth 
satellite  was  a  veiy  little  preceding  the  ring,  but  the  img  appeucd  to  be  less 
than  half  the  thickness  of  the  satellite  July  27,  at  20/j  15  12",  the  fouitlt 
satellite  was  about  the  middle,  upon  the  following  urn  of  the  nng,  and  towatds 
the  soulli  ,  and  the  second  at  the  faither  end,  towaids  the  north  ,  but  the  aim 
was  tlunnei  than  cithei  August  29,  at  22//  12'  25",  the  fifth  sitelhto  was  upon 
the  nng,  neai  the  end  of  1he  pieceding  aim,  and  the  thickness  o/  the  aim  seem- 
ed to  be  about  -J  01  ^  of  the  diametci  of  the  satellite,  which,  in  the  situation  it 
then  was,  he  took  to  be  less  than  one  second  in  di  unetei  At  the  s  unc  time,  the 
firat  appealed  at  a  little  distance  following  the  nfth,  in  the  shape  of  a  bead  upon 
a  thread,  'projecting  on  both  sides  of  the  same  aim  ,  hence  the  aim  is  tlunnei 
• 

*  In  a  Paper  m  the  Phil  Trans  1793  Di  HEBSCHEL  oUcrves  thai,  "  since  the  year  1774  to  the 
prcbcnt  time,  I  can  find  only  four  observation  wheic  \ny  othti  bhck  division  of  tlit  ring  is  xntntion* 
fti  than  the  one  which  I  hare  constantly  observed,  tliCBc  wcie  all  in  Junt,  1780  " 
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than  the  in  st,  which  is  considei  ably  smaller  than  the  second,  and  a  little  less 
thin  the  third  Octobei  16,  he  folio  wed  the  fust  and  second  satellites  up  to 
the  very  disc  of  the  pi  met,  and  the  ung,  which  was  exnemely  faint,  did  not 
obstiuct  his  seeing  them  giadually  appioach  the  disc  These  obseivations  aie 
sufficient  to  show  the  extieme  thinness  of  the  ung  But  DJ  HEKSCHEL  fuithei 
obseives,  that  theie  maybe  a  lefiaction  thiough  an  atmospheie  of  the  img,  by 
which  the  satellites  may  be  lifted  up  and  depiessed,  so  as  to  become  visible  on 
both  sides  of  the  ung,  even  though  the  ung  should  be  equal  in  thickness  to  the 
smallest  satellite,  which  may  amount  to  100O  miles  Fiom  a  scues  of  observa- 
tions upon  luminous  points  ot  the  img,  he  has  discoveied  that  it  has  a  rotation 
about  its  IMS,  the  time  of  which  13  Wh  12'  15",4 

489  The  ring  is  invisible*  when  its  plane  passes  thiough  the  sun,  the  earth,  or 
between  them ,   in  the  fust  case,  the  sun  shines  only  upon  its  edge,  which  is  too 
thin  to  i  effect  sufficient  light  to  lender  it  visible  ,  in  the  second  case,  the  edge 
only  being  opposed  to  us,  it  is  not  visible  foi  the  same  leason ,  in  the  thud  case, 
the  daik  side  of  the  nng  is  exposed  to  us,  and  theicfoie  the  edge  being  the 
only  luminous  pait  which  is  towards  the  earth,  it  is  invisible  on  the  same  account 
as  before     Obseiveis  have  diffeied  10  01  12  cUys  in  the  time  of  its  becoming 
invisible,  owing  to  the  drffeience  of  the  telescopes,  and  of  the  state  of  the  a1> 
mospheie     Di    HERSCIIEL  obseives,  that  the  nng  was  seen  m  his  telescope 
when  we  weie  turned  towaids  the  unenlightened  side,  so  that  he  eithci  SAW  the 
light  i  effected  fiom  the  edge,  01  else  the  icflection  of  the  light  of  Satmn  upon 
the  dark  side  of  the  nng,  as  we  sometimes  see  the  dark  pait  of  the  moon     He 
cannot  howevei  say  which  of  the  two  might  be  the  case,  especially  as  ther$ 
aie  veiy  stiong  leasons  to  think,  that  the  edge  of  the  nng  is  of  such  a  natm&as 
not  to  reflect  much  light     M   de  la  LANTDE  thinks  that  the  nng  is  just  visible 
with  the  best  telescopes  m  common  use,  when  the  sun  is  elevated  3'  above  its 
plane,  01  3  days  befoie  its  plane  passes  thiough  the  sun ,   ind  when  the  eaithis 
tlcvitccl  2'  30"  above  the  plane,  01  one  diy  fiom  the  caith's  passing  it 

490  111  i  p  ipei  in  the  Phil  Tran\    1790,   Di    lliiismrr  ventuied  to  hint 
at  a  suspicion  that  the  nng  was  divided,  this  conjcctmc  was  stiengthened  by 
futuie  observations,  aftei  he  h  id  had  an  oppoitumty  of  seeing  both  sides  of  the 
nng     His  leasons  aie  these     1    The  black  division  upon  the  southern  side  of 
the  nng,  is  m  the  same  place,  of  the  same  bieadth,  and  at  the  same  distance 
fiom  the  outer  edge,  that  it  always  appealed  upon  the  northern  side      2    With 
his  seven  feet  i  eflectoi  and  an  excellent  speculum,   he  saw  the  division  on  the 
nng,  and  the  open  space  between  the  ring  and  the  body,  equally  dark,  and  of 

*  The  disappearance  of  the  Ring  is  only  with  the  telescopes  m  common  use  among  Astronomers  „ 
for  Dr  HERSCHTL,  with  hiblaige  telescopes,  has  been  able  to  see  it  m  eveiy  situation  Jk  thinks  the 
ecljjc  of  the  Ring  is  not  flat,  but  spherical  or  spheroidical 
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the  same  colour  with  the  heavens  ibout  the  phnet  3  The  blick  division  is 
equally  bioacl  on  eich  side  of  the  nng  Fiom  these  obseivitions,  Di  HLRS- 
CHLL  thinks  himself  mthoiized  to  say  tint  Situin  his  two  concentnc  lines  si- 
tu iled  in  one  plane,  which  is  piobably  not  much  inclined  to  the  equatoi  of 'the 
pi  met  The  dimensions  of  the  two  iings  aie  in  the  Mowing  piopoitions,  as 
neaily  as  they  could  be  asceitained 

Puts 

Inside  diametei  of  the  smaller  nng  5900 

Outside  diametei  7510 

Inside  diametei  of  the  laiger  nng  7740 

Outside  diametei  8800 

Bieidth  of  the  innei  ling  805 

JBieidth  of  the  outci  nng  280 

Bieadtli  qf  the  space  between  tlie  iings  115 

In  the  Mem  de  I'Acad  at  Pans  1787,  M  de  la  PLACE  supposes  that  the  nng 
nuy  have  many  divisions ,  but  Di  HERSCULL  rcmaiks,  that  no  obseivations 
will  justify  this  supposition 

491  Fiom  the  mean  of  a  gicat  many  measures  of  the  diametei  of  the  laiger 
nug,  Di   HLBSCHLL  makes  it  46 ',677  at  the  mean  distance  of  Satuin      Hence, 
its  diametei     the  diamctei   of  the  eaith     25,8914     1      Fiom  the  ibovc  pio- 
poitions  thciefoic,  the  diametei   of  tins  nng  must  be  204883  miles,  and  the 
distance  of  the  two  iings  2809  miles 

492  I  he  nng  being  a  cncle,  appeals  elliptic il  fi omits  oblique  position,  and 
it  appeals  most  open  when  Saturn  is  90°  iiom  the  nodes  of  the  nng  upon  the 
01  bit  of  Satuin,  01  when  Saturn's  longitude  is  about  2'    17°,  and  89   17°     la 
such  \  situation,  the  inmoi  axis  is  eMiemcly  neaily  equal  to  half  the  mvjoi* 
When  the  obseivations  aic  i educed  to  the  sun,  consequently  the  plane  of  the 
ring  makes  an  angle  of  about  30°  with  the  oibit  of  Satuin,  it  will  also  be  shown 
tint  it  continues  paiallel  to  itself     The  situition  of  the  nodes  of  the  img,  and 
all  its  othci  pb*i  nomcna,  may  be  determined  i^  follows 

1IG  493  Let  £  be  the  sun,  AB  the  oibit  of  the  tuth,  nltw  the  oibit  of  Satuin, 
106  *>Sk  the  line  of  the  nodes ,  ti  insfei  these  cucles  to  the  spheie  of  the  n\cd  stais 
and  let  them  be  icpiesented  by  NX,  NX,  and  let  #Fbe  the  plane  of  the  nng 
extended  to  the  same  spheie ,  then  F  is  the  place  of  the  node  of  the  nng  upon 
Saturn's  orbit,  and  Fthe  node  upon  the  ecliptic ,  diaw  FtS^  and  /is  the  place 
of  Satuin  when  the  piano  of  the  nng  passes  thiongh  the  sun  ,  also  let  r  be  the 
pi  ice  of  Satuin  when  the  plane  passes  through  the  caith  at  c9  and  chaw  crJBT, 
Iqt  x  be  any  othei  position  of  Satuin,  and  e  the  coiiesponcbng  place  of  the  eaitb'. 
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and  driw  Ssd9  ezm  to  the  «\b<H  emcnUonod  spheic,  join  wFby  i  gieai  eiielc, 
and  kt  fill  the  peipuidiculaib  dp,  mw  upon  F-ft,  and  mO9  III  and  JT  upon 


The  place  J^  of  the  node  upon  the  oibit  of  Saturn  may  be  immedi  itcly 
found,  fiom  obboiving  the  hchoccntnc  place  of  Sitmninits  oibil  when  the 
plane  pisses  thiough  the  sun,  foi  tint  place  is  the  pi  ice  of  the  node  Now  as 
the  nng  ib  invisible  a  few  diys  betoic,  and  as  many  aftei  it  passes  thiough  the 
sun,  to  get  the  time  when  it  pisses,  obseive  the  time  when  it  disappeus  md 
the  time  when  it  becomes  visible,  and  the  middle  point  of  time  is  the  time 
when  the  pi  me  passed  thiough  the  bim,  and  the  phcc  o(  Situm  it  that  time  is 
the  place  of  the  node  of  the  nng  According  to  M  de  la  IANDL,  on  Jmuaiy 
8,  1774,  the  plane  of  the  nng  passed  thiough  the  sun,  at  which  time  the  lon- 
gitude of  Satuin  upon  its  oibit  was  5*  20°  38',  which  thcicfoic  was  the  place 
of  the  node  F  of  the  nng  Now  the  node  N  at  that  time  was  in  3s  21°  43', 
hence,  FN=S8°  55',  the  distance  of  the  node  of  the  nng  upon  the  oibit  of 
Satuin  fiom  the  node  of  Satuin  ,  and  to  find  the  distance  VN  upon  the  eclip- 
tic, we  have  m  the  light  angled  tnanglc  FTN,  FN=5S°  55'  and  the  angle 
JKNT=2°  29'  50",  hence  we  find  07^  =  58°  53'  33",  2^=2°  8'  19',  and 
the  angle  NFT-S80  42'  36'  ,  fiom  which  subti  let  NFV=3Q°  (492)  the  angle 
which  the  plane  of  the  nng  makes  with  the  oibit  oi  Situin,  mcl  \ie  h  we  VFJC 
=  58°  42'  36",  hence,  in  the  light  uigled  tnangle  rFI\  we  have  I<T=2° 
8'  19",  and  FF1"=5&°  42'  36",  theiefoie  VT-2?  SO'  49',  which  subtiacted 
fiom  PN,  leaves  VN=5<>>  22'  44"  the  distance  of  the  node  of  the  ung  on  the 
ecliptic  fiom  Saturn's  node  ,  and  the  angle  J?VT=  31°  21'  19"  the  inclination 
of  the  nng  to  the  ecliptic  M  MARALDI  made  it  31°  20',  HMNSJUS  made  it 
31°  23'  17"  Also,  as  the  longitude  of  N  was  3°  21°*  43',  we  have  the  longi- 
tude of  the  node  V  of  the  img  upon  the  ecliptic  59  17°  5'  44"  MAIUIUI 
found  it  5s  16°  17'  m  1715  ,  and  if  fiom  that  time  to  1774  we  allow  49'  foi 
the  piecession  of  the  equinoxes,,  it  makes  the  place  in  1774  to  be  5  17°  6', 
within  10"  of  whit  it  w  is  found  fiom  obseivation  Hence  it  appeut,,  that  the 
plane  of  the  nng  ib  fixed  rlhc  pi  ice  of  the  node  of  the  nng  upon  the  oibit  ot 
Satuin  w  is,  leeordmg  to  HtnGiNS,  in  the  middle  of  the  last  ecntuiy  53  20Q 
30  ,  CASSINI  mide  it  V  22°  rihis  is  the  ascending  node 

495  The  place  ot  the  node  may  dso  be  found  from  the  time  when  the  plane 
of  the  nng  pisses  thiough  the  eaith,  obseiving,  at  that  time,  the  geocentiidh- 
titude  fll,  and  the  longitude,  fiom  \\hicb  we  get  IN,  knowing  the  place  of 
the  node  N  Hence,  in  the  iu>ht  angled  tiiangle  NIv,  we  know  IN  md  the 
angle  N,  to  find  A7^  Iv  and  the  angle  Nol  ,  theicfoie  m  the  tiiangle  llvF9 
wc&know//w,  IIvF  md  II21V9  to  imd  fcJF,  which  taken  fiom  *)N  leaves  IN 
dr  if  we  suppose  the  angle  I1VI  kno-vui,  then  knowing  HI,  we  find  IV9  theie- 
foie  if  we  know  the  longitude  of  /,  we  shall  know  that  of  V  Now  aeeoiding 
to  M  de  la  LANDP,  the  nng  passed  thiough  the  eaith  on  Apnl  %  1774,  it 
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which  time  the  geocentric  place  7  of  Satuin  was  5s.  21°.  7'.  38",  and  latitude 
777  was  2°  27';  if  theiefbic  we  suppose  the  angle  77F7to  be  31°.  21'.  19"  we 
have  7F=4°.  1'.  35",  which  subtiacted  fiom  5'  21°  7'  38",  leaves  the  longi- 
tude of  the  node  Fon  the  ecliptic  5\  17°.  6'.  3",  which  is  within  19"  of  what  it 
was  /bund  (494)  fiora  the  passage  of  the  plane  though  the  sun.  When  the 
eaith  and  Satuin  aie  moving  in  opposite  dnections,  the  place  of  the  node  may 
be  moie  accmately  determined  by  this  method,  than  by  the  passage  of  the  plane 
tluough  the  sun;  because  the  dmppeaiance  takes  place  quickei,  and  there&io 
you  can  deteiminc  the  time  more  accuiately. 

496.  In  determining  the  nodes  of  the  ung,  we  supposed  the  inclination 
known,  whereas  the  inclination  is  found  from  knowing  the  place  of  the  nodes 
by  obseivmg  the  ung  when  Satuin  is  90°  fiom  the  nodes.     But  by  constantly 
obseiving  the  opening  of  the  ung  about  the  tune  when  it  is  the  greatest,  we 
shall  get  veiy  neaily  its  inclination,  and  a  snuJI  euoi  in  that  will  make  but  a 
veiy  little  alteiation  in  the  place  of  the  node. 

497.  When  the  plane  of  the  zing  passes  tluough  the  earth,  we  have  tttn'  IU 

=tan.  7F.H=tan  31°.  20'=0,6088.  As  this  must  take  place  when  lis'vdlL 
in  a  few  degiees  of  the  node  F,  it  will  be  veiy  easy  to  compute  when  the  pas. 
sage  happens,  by  assuming  some  time,  and  taking  at  that  tune  the  geocentnc 
latitude  and  longitude  of  Saturn  fiom  the  Nautical  Almanac,  and  thence  finding 
7F,  and  dmding  the  tangent  of  the  latitude  777  by  the  sine  of  IV-  assume 
two  times  as  near  as  you  can  conjcctui*  to  the  time  rcquned,  and  the  two  re- 
sults will  dnect  you  to  find,  by  piopoition,  a  time  veiy  neai  to  that  lequiicd  - 
thus  you  will  veiy  easily  get  the  time.  J  ' 

Ex   On  Mays,  1789,  the  geocentnc  longitude  of  Saturn  was  n<  20°  2* 
and  latitude  1°.  54'.  20",  and  taking  the  place  of  the  descending  node  to  bj 
11'.  17°.  18'3  we  have  27=*.  5',  hence,  **£<£«  =<*19.   On  May  4, 
we  find  the  value  to  be  0,602  ;  hence,  the  nng  passed  thiough  the  o-ulhbe 
tween  May  3  and  4,  agieemg  with  Di.  MASK'S  computation  (501) 

,  ^l'  ?!  dete!mmc  the  W'ance  of  the  ung  when  the  caith  is  at  any 

J*nd  Satuin  at  ,,  it  is  manifest,  that  c  is  at  the  same  angular  distance 

he  plane  of  the  img  at  Satuin  that  «  is,  the  angles  at  /bem.  veS 

the  angular  distance  of  m  from  the  plane  of  the  nng  at  s  »  nLured  b 

;lnd  r  r  rsr  thc  clevation  °f  *°  c^e  at  *  ^" 

to  find  mw  let  there  be  given  mG  the  gcocentnc  latitude  of  Sattun   and 
geocentuc  longitude,  or  the  point  G  on  the  ecliptic  ,  then,  as  ^SrfT 

f  ZGF'  hCnCe  We  Can  fiml  "^  ^  the  -gle  W7rw 

from  »rG  givcS  »rw/  therefoie  in  the  tiiangle  «2r,  we  can 
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the  elevation  of  the  eye  above  the  plane  of  the  liflig.     Heioe,  wjL  -  sin. 
mw    major  axis     nimoi  axis  of  the  ling, 

Ex.  On  July  12,  1784,  Ma.  BUGGJS  observed  the  geocejatuc  longitj*4e  of  Sa- 
tiuii  to  be  9\  20°,  34'  48*,  and  latitude  3'.  35"  N.  he  also  detei mined  the  as- 
ceudiog  node  of  Saturn's  oibit  to  be  3s-  21°.  5O',  8"j  hence,  GF=4\  3°.  29'. 
48",  and  as  Gm=z3f.  35",  we  have  mV~  123°.  29'.  48"?  and  the  angle  mVG  — 
4'.  18";  and  if  we  take  wFGr  =  Sl°.  21'.  19%  we  have  7wFw  =  31°.  17'.  l";  hence 
mtt?  =  25°.  38'.  37";  consequently  the  major  axis  minoi  axis*  xad.  ,  sin*  25°« 
38'.  37"  100  43. 

499  The  arc  dp  ineasuies  the  elevation  of  the  sun  above  the  plane  of  the 
ling ,  hence,  knowing  the  hehocentiic  longitude  of  Saturn  on  its  oibit>  or  of 
the  point  d,  and  the  longitude  of  JPtlie  node  of  the  nng  upon  its  oibifc,  we 
know  dF;  and  we  know  also  the  angle  dFp  which  the  plane  of  the  ring  males 
with  the  orbit;  hence,  in  the  light  angled  tuangle  Fpd,  we  find  dp  the  eleva- 
tion lequired. 

500.  In  the  same  mannei  as  we  have  dctei mined  the  inclination  of  the  ling 
and  position  of  the  nodes.,  the  inclination  of  the  orbit  of  the  seventh  satellite 
and  place  of  its  node  may  be  determined,  by  mestsumig  the  minoi  axis  of  the 
01  bit  which  it  appeals  to  descube  at  the  time  when  it  is  gieatest,  and  compaung 
it  with  the  major  axis,  01  twice  the  gicatest  elongation-  The  semi-minor  axis 
is  determined  by  measuring  the  distance  of  the  satellite  fiom  the  placet,  when 
that  distance  is  the  least  m  the  whole  revolution. 

501  la  the  Nautical  Almanac  for  1791,  Dr.  MASKELYNTE  has  computed  the 
disappearances  and  re-appearances  of  the  ring  in  1789  and  1790;  assuming  the 
place  of  the  descending  node  on  the  ecliptic  to  be  11s.  17°  18',  the  ascending 
node  of  Saturn  3s.  21°.  51',  inclination  of  its  orbit  2°,  30'.  20%  inclination  of 
the  nng  to  the  ecliptic  31°.  20',  and  place  of  the  ascending  node  of  the  nng  on 
Saturn's  oibit  B\  20°.  52',  all  according  to  M  de  la  LANBE;  and  supposing, 
with  him,  that  the  nng  is  just  visible  with  the  best  telescopes  in  common  use 
when  the  sun  is  elevated  3'  above  its  plane,  01  three  days  before  the  plane 
passes  through  the  sun,  and  when  the  caith  is  elevated  2'.  30"  above  the  plane, 
or  one  day  fiom  the  caith's  passing  it. 

May  3?  1789,  the  nng  passes  tluough  the  earth,  the  eaith  passing  fiom  the 
noithera  side  which  is  enlightened,  to  its  southern  side  which  is  daik. 

August  26,  the  ring  repasses  to  the  northern  or  enlightened  side. 

October  11,  the  ring  passes  tin ough  the  sun;  when  it  will  change  its  en- 
lightened side,  fiom  the  northern  to  the  southern  one  ,  consequently  the  daik 
side  will  then  be  towards  the  eaitlu 

January  29,  1790,  the  ring  passes  through  the  earth,  and  the  earth  passing, 
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from  the  noithern  or  daik,to  the  southern,  or  enlightened  side  of  the  ling,  the 
ung  will  become  visible,  and  continue  so  till  1803. 

The  phenomena  may  happen  five  days  sooner  01  latei  than  here  set  down,  if 
the  Tables  should  eir  10'  m  the  gcocentnc  longitude  of  Satuin. 

By  observation  with  an  acluomatic  telescope  of  five  feet  focal  length,  Dr. 
MASKELYNE  concluded  that  the  ring  lepassed  thiough  the  eaxth  on  August  28, 
at  11  houi. 


The  following  TABLES,  taken  fiomthe  Eecueil  de  Tables  Astronomiques,  Berlin, 
1776,  aic  calculated  to  show  the  appaient  ftguie  of  the  Ring,  and  of  the  oibits 
of  the  satellites,  as  seen  either  fiom  the  sun  01  the  eaith. 


For  the  Ring,  and  Six  first 
Satellites. 

Aao.  Long.  T?  +13°.  43'.  30' 

a 
ft> 

0 
3 
6 

y 

(XVI 

LVII 

Ill  VIII 

1 

0,OOO 
0,027 
0,O54 
0,081 

O,26O 
0,284 
0,306 
O,328 

0,451 
0,464 
O,476 
0,486 

30 

27 
24 
21 

18 
15 
12 
9 

12 
1.5 
18 
21 

0,108 
0,135 
0,161 
0,187 

0,348 
0,308 
0,384 

0,495 
0,503 
0,509 
0,514 

24 
27 
30 

O,236 
0,260 

0,421 
O,437 
O,45  1 

0,518 
0,520 
0,521 

6 
0 

t               r___ 

XI.  V 

i_        L  _r 

X.  IV. 

IX  III. 

Foi  the  Seventh 

Satellite. 

AEG.  Long.  T?  +  24°.  50'. 

O 

0  VI 

I  VII 

Ill  VIII 

O 

cp 

—  •      i 

-  + 

-   + 

$ 

0 

0,000 

0,129 

0,224 

30 

3 

0,014 

0,141 

0,23O 

27 

6 

0,027 

0,152 

0,236 

24 

9 

0,041 

0,163 

0,242 

21 

12 

0,O54 

0,174 

0,246 

18 

15 

0,064 

0,183 

0,250 

15 

18 

0,080 

0,192 

0,253 

12 

21 

0,093 

0,201 

0,256 

9 

24 

0,105 

0,209 

0,257 

6 

27 

0,117 

0,217 

0,258 

3 

30 

0,129 

0,224 

0,259 

O 

+    - 

i,     __.M 

+    - 

XI   V. 

X.IV. 

IX,  III 

To  the  quantity  taken  fiom  the  Tables,  apply  the  latitude  of  Saturn  expiess- 

cd  in  minutes  divided  by  4000,  \vith  the  sign— when  the  latitude  is  north,  and 

j.  when  it  is  soiith ;  but  for  the  seventh  satellite,  we  must  multiply  this  last 
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quantity  by— ;  and  the  result  gives  the  minor  axis  of  the  ling,  or  of  the  orbits, 
y 

the  majoi  axis  being  unity* 

Ex*  On  April  22,  1767,  the  geocentric  latitude  of  Saturn  was  1°.  10' south, 
and  longitude  5s.  16°.  55'}  hence, 


For  the  Ring,  and  Six  first 
Satellites* 


2s.  16°.  55' 
IS.    43 

3.     0.    38 
70 


4000 
Minor  axis 


-  -0,521 

-  -f  0,01 7 

•      -0,504 


For  the  Seventh 
Satellite* 


2s*  16°.  55' 
24.  50 

3.    II.    45     - 


--0,253 


Minor  axis    -     - 


The  sign  +  shows  that  that  half  of  the  ring,  or  of  the  oibits,  which  is  most 
distant,  is  more  north  than  the  center  of  Saturn,  and  the  sign—  shows  it  to  be 
more  south.  * 


The  geocentric  latitude  and  longitude  being  here  taken,  we  get  the 
ance  as  seen  from  the  earth  ;  the  heliocentric  latitude  and  longitude  being  ' 
earned,  gives  the  appearance  at  the  sun, 


VOL* 


sir 


CHAR   XXII. 

ON  THE  ABERRATION  OF  LIGHT 

Art.  502.  I N  the  year  1725,  Mi.  MOLYNEUX,  assisted  by  Dr.  BRADLJCY,  fitted 
up  a  zenith  sector  at  Kew>  in  order  to  discover  whethei  the  fixed  stars  had  any 
sensible  parallax*,  that  is,  whether  a  star  s  would  appear  to  have  changed  its 
place  whilst  the  eaith  moved  fiom  one  extiemity  A  of  the  diametei  of  its  orbit 
to  the  other  extiemity  C;  or  which  is  the  same,  to  determine  whether  the  dia- 
meter AC  of  the  earth's  oibt  subtends  any  sensible  angle  Ai>C  at  the  star  s. 
The  veiy  impoitant  discoveiy  ansing  from  then  obseivations  is  so  clearly  and 
fully  i elated  by  Dr.  BRADLEY  in  a  Letter  to  Dr.  HALLE  Y,  that  I  cannot  do  bet- 
ter than  give  it  the  leadei  in  his  own  woids.  Phil.  Ttans.  N°,  406. 

508,  "  Mi.  MOLYNEUX'S  apparatus  was  completed  and  fitted  for  obseiving 
about  the  end  of  Novembei  1725,  and  on  the  third  day  of  December  following, 
the  bnglit  star  in  the  head  of  Draco  (marked  y  by  BAYER)  was  for  the  fiist  time 
observed  as  it  passed  near  the  zenith,  and  its  situation  carefully  taken  with  the 
instrument.  The  like  observations  were  made  on  the  5th,  11th  and  16th  of  the 
same  month ;  and  there  appealing  no  material  difference  in  the  place  of  the 
star,  a  farthei  repetition  of  them  at  this  season  seemed  needless,  it  being  a  part 
of  the  year  wherein  no  sensible  alteration  of  parallax  in  this  stai  could  soon  be 
expected.  It  was  chiefly  theiefbie  curiosity  that  tempted  me  (being  then  at 
Kew  where  the  instiument  was  fixed)  to  piepaie  for  obseiving  the  star  on  De- 
cember 17,  when  having  adjusted  the  instrument  as  usual,  I  perceived  that  it 
passed  a  little  moie  south waidly  this  day  than  when  it  was  observed  before. 
Not  suspecting  any  other  cause  of  this  appearance,  we  first  concluded  that  it 
was  owing  to  the  uncertainty  of  the  observations,  and  that  either  this  or  the 
foregoing  were  not  so  exact  as  we  had  before  supposed ,  for  which  reason  we 
purposed  to  repeat  the  observation  again,  in  order  to  determine  fiom  whence 
this  difference  pioceeded,  and  upon  doing  it  on  December  20,  I  found  that 
the  star  passed  still  more  south  waidly  than  in  the  former  observations.  This 
sensible  alteration  the  more  surprised  us,  in  that  it  was  the  contraiy  way  fiom 
what  it  would  have  been,  had  it  proceeded  from  an  annual  parallax  of  the  star: 

*  Dr  HOOK  was  the  inventor  of  this  method,  and  in  the  year  1669  he  put  it  in  piactice  at  Gresbam 
College,  with  a  telescope  36  feet  long*  Bta  first  obseivation  was  July  6,  at  which  time  he  found  the 
bright  star  m  the  head  of  Diaco,  marked  y  by  BAYER,  parsed  about  %  12"  north waid  fiom  the  ze- 
nith, on  July  &„  it  passed  at  the  game  distance;  on  August  6,  it  passed  2'  6"  northward  from  the  ze- 
nith ,  on  October  21,  it  passed  I/,  48"  or  50"  north  fiom  the  zenith,  according  to  his  observations 
See  his  Cutki  tan  lectures. 
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Iwt  being  now  pretty  w«H  xafisfied  thai  it  could  not  be  out  hoi)  owing  to  the 
\\unt  of  exactness  in  the  oWivitioiu,  and  having  no  notion  of  any  thing  else 
that  rouiii  cause  such  an  app,uenl  motion  us  this  in  the  Mar,  wo  began  to  think 
that  Mtuie  change  in  the  materials,  i'^  •  oi  the  inshumeat  itself  might  have  oc- 
casioned it,     Under  these  apprehensions  we  remained  Mime  lime,  but  being  at 
length  fully  convinced  by  several  tuals  of  the  gieat  exactness  off  he  instalment, 
munhuUng  b>  the  giadual  tncuve-e  of  the  Mai's  distance  Horn  the  pule,  that 
theie  must  he  some  regular  eause  that  pioduecd  it,  we  took  care  to  examine 
lucelv  at  the  time  of  each  obsmatmu  how  mueli  it,  was  ;  and  about  the  begin- 
jnutj"  of  Much    IT'-'fJ,  the  st  u  \w«  found  t<»  be  '20'  muie  southwaidl)  than  at 
the  time  of  the  fnM  obset-vatinn.     It  now  indeed  Deemed  to  have  anlved  at  its 
utniiMl  itnnt  ,M)utli\\auJ,  because  in  ,v\eral  tualh  made,  about  thin  time  no  sen- 
hibk-  diilerence  v\as  oldened  in  its  situation.     By  the  middle  of  April  it  ap> 
|H«ai't'd  to  b«  returning  baek  again  towards  the  nartli  ;  and  about  tlie  beginning 
ol'  .June  it  puMed  at  the  same  distance  from  the  stewith  as  it  had  done  in  De- 
cember w  hint  it  was  lirst,  observed, 

**  From  the  quick  alteration  of'tun  st,ir'«  declination  about  this  tune  (It  ineieas- 
uiji  a  si'i'iiml  in  thiee  di)-.)  it  \uis  i-imeUided  that  it  \vouid  now  pioeeed  north- 
wmd»  us  it  before  had  ,";one  M.uthu.iul  of  its  prenent  situation  j  ami  il  happen- 
ed AS  uas  eunjeetureil,  I'ur  tin-  si.ir  rantiimed  to  move  northward  till  September 
iblloNUiig,  \\lien  it  ;ij;i»«i  bee.uue  statunuu),  being  then  neat  ii()"  more  north- 
wauli)  tliitu  in  Juiw,  .«ul  »«>  1*^  than  :«>"  more  northwardly  than  li  was  in 
Mai  eh.     From  September  the  star  returned  towardH  the  south,  till  it  arrived 
Jn  Dtfctmiticr  to  the  HWIIIO  uhidtUm  it  w*»  in  ut  Umt  tinui  twolvw  months,  allow- 
ing  f»r  tint  difference  olMwlination  on  account  «f  the  piwession  of  the  vquhu»x. 
"  Thw  was  ti  siiilirient  pnxrf*  that  the  instrument  had  not  been  the  cause  of  this 
appjtreiit  nuHion  ofthe  star,  and  to  fnid  one  adequate  to  Hiu-Ij  an  effect  seemed 
a  diflienlfv.     A  nutation  of  the  earth's  axis  was  one  of  the  first  things  that,  of- 
K-rcil   it  Hi'  upon   this  o<  t  asioii  }  but  it  was  soon  found  to  be  insufficient  ;  for 
tlmugb  it  ntij^ht  li.ue  aeeounti'd  for  the  change  of  decimation  in  v  Draconis, 
\et  it  \u»dd  not,  at   thfl  wme  time  agree  with  the  phenomena  in  other  sttira, 
paitieiilarly  in  a  M«;itl  o«f  almtist  oppowte  in  right  awension  to^  Drwonis,  at 
about  the  same  distance  fiom  the  north  pole  oi'  the  equator;  for  though  tins 
btar  neeincd  to  twm-  the  hsnnc  %av  as  a  nutation  ofthe  earth'*  a\i«  would  have 
made  it,  yet  it  ehan«-m;<;  it*  dwlination  but  nbotit  half  an  much  ay  Draeonb 
in  the  same  time,  (as  appeared  upon  comparing  the-  olwervations  of  both  made 
upon  the  nainc  dfljsut  ditlerent  w-asons  of  the  >ear,)  this  plainly  pnned  that 
the  amMurnt  motion  ofthe  htarn  wan  not  occaHioueil  by  a  teal  nutation,  hinec  if 
that  had  been  the  canst',  the  alteration  >n  both  hUis  %<>uW  have  been  nearly 


equal.  ,1.1       i 

"  'I  'he  great  regularity  of  the  observations  left  no  room  to  doubt  but  that  there 
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was  some  legular  cause  that  produced  this  unexpected  motion,  which  did  not 
depend  on  the  uncertainty  or  vanety  of  the  seasons  of  the  yean  Upon  com* 
paring  the  observations  with  each  other,  it  was  discoveied  that  m  both  the  fore* 
mentioned  stars  the  apparent  diffeience  of  declination  fiom  the  maxima  was  al- 
ways nearly  proportional  to  the  versed  sine  of  the  sun's  distance  from  the  equi- 
noctial points.  This  was  an  inducement  to  think  that  the  cause,  whatever  it 
was,  had  some  relation  to  the  sun's  situation  with  respect  to  those  points.  But 
not  being  able  to  frame  any  hypothesis  at  that  time  sufficient  to  solve  all  the 
phenomena,  and  being  veiy  desirous  to  search  a  little  faithei  into  tins  matter, 
I  began  to  think  of  electing  an  instrument  for  myself  at  Wanstead,  that  having 
it  always  at  hand  I  might  with  the  more  case  and  certainty  enqune  into  the 
laws  of  this  new  motion.  The  consideiation  likewise  of  being  able  by  another 
instrument  to  confirm  the  tiuth  of  the  obseivations  hitheito  made  with  Mr, 
MOLYNEUX'S  was  no  small  inducement  to  me ;  but  the  chief  of  all  was  the  op- 
portunity I  should  thereby  have  of  hying  in  what  manner  other  stars  were  af- 
fected by  the  same  cause,  whatevei  it  was.  For  Mr.  MOLYNEUX'S  instalment 
being  originally  designed  for  observing  ?  Dracoms  (in  order,  as  I  said  before, 
to  try  whether  it  had  any  sensible  parallax)  was  jso  contrived  as  to  be  capable  of 
but  little  alteration  in  its  direction,  not  above  seven  or  eight  minutes  of  a  de- 
gree j  and  there  being  few  stars  within  half  that  distance  from  the  zenith  of 
Blew  bright  enough  to  be  well  observed,  he  could  not  with  his  instrument  tho- 
roughly examine  how  this  cause  affected  stars  differently  situated  with  respect 
to  the  equinoctial  and  solstitial  points  of  the  ecliptic. 

"  These  considerations  determined  me ;  and  by  the  contrivance  and  dn  cction 
of  the  veiy  ingenious  person  Mi.  GRAHAM,  my  instrument  was  fixed  up  August 
19,  1727  As  I  had  no  convenient  place  where  I  could  make  use  of  so  long  a 
telescope  as  Mi.  MOLYNEUX'S,  I  contented  myself  with  one  of  but  little  moie 
than  half  the  length  of  his  (viz.  of  about  12}  feet,  his  being  24-})  judging  from 
the  experience  which  I  had  already  had,  that  this  ladms  would  be  long  enough 
to  adjust  the  instrument  to  a  sufficient  degree  of  exactness,  and  I  have  had  no 
leason  since  to  change  my  opinion ;  foi  from  all  the  trials  I  have  yet  made,  I 
am  veiy  well  satisfied  that  when  it  is  carefully  rectified,  its  situation  may  be  se- 
curely depended  upon  to  half  a  second.  As  the  place  where  my  installment 
was  to  be  hung  in  some  measuie  determined  its  radius,  so  did  it  also  the  length 
of  the  arch  or  limb  on  which  the  divisions  were  made  to  adjust  it ;  fbi  the  arch 
cotild  not  conveniently  be  extended  farther  than  to  reach  to  about  6°.  15'  on 
each  side  my  zenith.  This  indeed  was  sufficient,  since  it  gave  me  an  opportu- 
nity of  making  choice  of  several  stars  very  different  both  m  magnitude  and  si- 
tuation, there  being  more  thWk^o  hundred  inserted  in  the  Butish  Catalogue 
that  may  be  observed  with  it.  I  needed  not  to  have  extended  the  limb  so  far, 
but  that  I  was  willing  to  take  m  Capella,  the  only  star  of  the  fust  magnitude 
tfyat  comes  so  near  my  zenith* 
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A*  My  instrument  being  fixed,  I  immediately  began  to  obseive  such  stars  as  I 
judged  most  pioper  to  give  me  light  into  the  cause  of  the  motion  aheady  men- 
tioned. There  was  variety  enough  of  small  ones,  and  not  less  than  twelve  that 
I  could  observe  through  all  the  seasons  of  the  yeai,  they  being  bught  enough 
to  be  seen  in  the  day  time  when  nearest  the  sun.  I  had  not  been  long  observ- 
ing before  I  perceived  that  the  notion  we  had  befoie  entertained  of  the  stais 
being  farthest  north  and  south  when  the  sun  was  about  the  equinoxes.,  was  only 
true  of  those  that  were  near  the  solstitial  colure ,  and  after  I  had  continued  my 
observations  a  few  months,  I  discoveied  what  I  then  apprehended  to  be  a  gene- 
lal  law,  observed  by  all  the  stars,  viz  that  each  of  them  became  stationary  01 
was  faithest  north  or  south  when  they  passed  over  my  zenith  at  six  o'clock  either 
in  the  morning  01  evening.  I  peiceived  likewise  that  whatever  situation  the 
stars  were  in  with  icspect  to  the  caidmai  points  of  the  ecliptic,  the  appaient 
motion  of  every  one  tended  the  same  way  when  they  passed  my  instrument 
about  the  same  hour  of  the  day  or  night ;  for  they  all  moved  southward  while 
they  passed  in  the  clay,  and  noithwaid  in  the  night,  so  that  each  was  faithest 
north  when  it  came  about  six  o'clock  in  the  evening,  and  faithest  south  when 
it  came  about  six  in  the  morning. 

"  Though  1  have  since  discoveied  that  the  maxima  in  most  of  these  stais  do 
not  happen  exactly  when  they  come  to  my  mstmment  at  those  horns,  yet  not 
being  able  at  that  time  to  prove  the  contiary,  and  supposing  that  they  did,  I 
endeavoured  to  find  out  what  piopoition  the  gieatest  alteiations  of  declination 
in  different  stars  bore  to  each  other ;  it  being  very  evident  that  they  did  not 
all  change  their  declinations  equally.  I  have  before  taken  notice  that  it  ap- 
peaied  from  Mr.  Moz^YisrEUx's  observations  that  y  Diaconis  altered  its  declina- 
tion about  twice  as  much  as  the  fore-mentioned  small  star  almost  opposite  to 
it,  but  exaoiining  the  matter  tnoie  paiticulaily,  I  found  that  the  greatest  al- 
teration of  declination  in  these  stais  was  as  the  sine  of  the  latitude  of  each  ic- 
spcctively,  rJThis  made  me  suspect  that  there  might  be  the  like  propoition  be- 
tween the  maxima  of  other  stais  ?  but  finding  that  the  obseivations  of  some  of 
them  would  not  perfectly  correspond  with  such  an  hypothesis,  and  not  knowing 
whether  the  small  difference  I  met  with  might  not  be  owing  to  the  unceitamty 
and  eiroi  of  the  observations,  I  deferred  the  farther  examination  into  the  tutlh 
of  this  hypothesis  till  I  should  be  furnished  with  a  series  of  observations  made 
in  all  parts  of  the  year  ;  which  might  enable  me  not  only  to  deteimme  what  ei- 
rors  the  observations  are  liable  to,  or  how  far  they  may  safely  be  depended  up- 
on ;  but  to  judge  whether  there  had  been  any  sensible  change  in  the  paits  of 
the  instrument  itself. 

a  Upon  these  considerations  I  laid  aside  all  thoughts  at  that  time  about  tlie 
cause  of  the  fbie-mcntioned  phenomena,  hoping  that  I  bhould  the  easier  disco- 
ver it  when  1  was  better  provided  with  proper  meansr  to  cletei  mine  rflore  pre- 
cisely what  they  were. 
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*c  When  the  year  was  completed  I  began  to  examine  and  compaic  my  obsci  va- 
tions,  and  having  pietty  well  satisfied  myself  as  to  the  general  laws  of  the  phas- 
nomena,  I  then  encleavouied  to  find  out  the  cause  of  them.  I  was  already 
convinced  that  the  appaient  motion  of  the  stais  was  not  owing  to  a  nutation  of 
the  earth's  axis.  The  next  thing  that  offered  itself,  was  an  alteration  m  the 
duection  of  the  plumb-line  with  which  the  instrument  was  constantly  lectificdj 
but  this  upon  trial  proved  insufficient.  Then  I  considered  what  i  oil  action 
might  do,  but  here  also  nothing  satisfactory  occuiied.  At  last  I  conjectuicd 
that  all  the  phenomena  hitherto  mentioned  piocecded  fiom  the  piogrcssivo 
motion  of  light  and  the  eaith's  annual  motion  in  its  oibit.  For  I  peiceived  il 
light  was  piopagated  m  time,  the  apparent  place  of  a  fixed  object  would  not 
be  the  same  when  the  eye  is  at  lest,  as  when  it  is  moving  in  any  other  duection 
than  that  of  the  line  passing  thiough  the  eye  and  object;  and  that  when  the 
eye  is  moving  in  diffeicnt  dnectionb,  the  appaicut  place  of  the  object  would 
be  different" 

This  is  Di.  BRADLEY'S  account  of  this  veiy  impoitant  discoveiy  ;  we  sliall 
theiefore  pioceed  to  show  that  his  principle  will  solve  all  the  phenomena. 

504.  The  situation  of  any  object  m  the  heavens  IB  determined  by  the  position 
of  the  axis  of  the  telescope  annexed  to  the  instrument  with  ^hich  we  measuic  j 
for  such  a  position  is  given  to  the  telescope,  that  the  rays  of  light  from  the  ob- 
ject  may  descend  down  the  axis,  and  in  that  situation  the  index  shows  the 
angular  distance  requued.  Now  if  light  be  progressive,  when  a  ray  from  any 
object  descends  down  the  axis,  the  position  of  the  telescope  must  be  different 
fiom  what  it  would  have  been  if  light  had  been  instantaneous,  and  theiefore  the 
place  which  is  measured  m  the  heavens  will  be  different  fiom  the  tiuc  place* 
FIG*  Foi  let  6'  be  a  fixed  star,  FlFthc  direction  of  the  eaith's  motion,  A^Fthc  di- 
108.  rection  of  a  particle  of  light,  cntcnng  the  axis  ac  of  a  telescope  at  #,  and  mov- 
in^  through  &F  while  the  caith  moves  from  c  to  JF;  then  if  the  telescope  keep 
paiallel  to  itself,  the  light  will  descend  m  the  axis.  For  let  the  axis  nm,  Fw 
continue  parallel  to  ac  ,  then,  considenng  each  motion*  as  uniform,  the  spaces 
dcscnbcd  in  the  same  time  will  continue  in  the  same  propoition  ;  but  cF  :  aF 
•  :  en  av,  and  by  supposition  cF>  aF  aie  described  m  the  same  tune,  therefore 
cn9  av,  arc  described  in  the  same  time;  hence  when  the  telescope  comes 
into  the  situation  wwi,  the  paiticle  of  light  will  be  in  the  axis  at  &/  and 
this  being  true  foi  cveiy  instant,  in  this  position  of  the  telescope  the  ray 
iwill  descend  down  the  axis,  and  consequently  the  place  measuied  by  the 
telescope  at  F  is  $',  and  the  angle  b'Fs'  is  the  aberration,  or  the  difference 
•between  the  true  place  qf  the  star  and  the  place  measured  by  the  instrument. 
'Hence,  if  we  take  any  line  FS  :  Ft  :  velocity  of  light  the  velocity  of  the  eaith, 


*  The  motion  of  the  spectator  ammfc  from  the  rotation  of  the  eaith  ahout  its  axis  ib  not 
itaLcn  iuto  the  calculation,  it  being  to  small  a*  not  to  produce  any  sensible  effect, 
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and  join  i>t,  and  complete  the  paiallelogram  FtSs,  the  abei  ration  will  be  equal 
to  Ftt.  Also  Siepresents  the  tuie  place  of  the  star,  and  s  the  place  measured 
fry  the  instiument. 

505.  As  the  place  measured  by  the  instiument  diffeis  fiom  the  true  place, 

let  us  next  consider  how  tl.e  piogiessive  motion  of  light  may  affect  the  place  of 

the  star  seen  by  the  naked  eye.     If  a  lay  oi  light  fall  upon  the  eye  m  motion, 

its  relative  motions  in  respect  to  the  eye  will  be  the  same  as  if  you  weie  to  im- 

press equal  motions  in  the  same  diiection  upon  each  at  the  instant  of  contact  , 

for  equal  motions  in  the  same  diiection  impressed  upon  two  bodies  will  not 

affect  then  relative  motions,  and  therefore  the  effect  of  one  upon  the  othei  will 

not  be  altered.     Let    VI7  be  a  tangent   to  the   eaith's    orbit  at  F  which 

will  repiesent  the  direction  of  the  eaith's  motion  at  JF,    S'  the  stai,  join 

S'F  and  produce  it  to  G,  and  take  FG  •  Fn"  the  velocity  of  light  •  the  ve- 

locity of  the  eaith  in  its  orbit,  and  complete  the  parallelogiam  nFGH,  and 

draw  the  diagonal  FH.    Now  as  FG,  nF  icprcscnt  the  motions  of  light  and  of 

the  earth  in  its  oibit,  conceive  a  motion  Fn  equal  and  opposite  to  nF  to  be 

impressed  upon  the  eye  at  F  and  upon  the  ray  of  light,  then  the  eye  will  be 

at  rest,  and  the  lay  of  light,  by  the  two  motions  FG,  Fn,  will  describe  the  dia- 

gonal FII;  this  theicfore  is  the  relative  motion  of  the  lay  of  light  in  lespect 

to  the  eye  itself.     Hence,  the  object  appears  in  the  diiection  HF,  and  conse- 

quently its  appaient  place  diffeis  fiom  its  true  place  by  the  angle  GFH-FSt. 

It  appears  therefore,  that  the  apparent  place  of  the  object  to  the  naked  eye  is 

the  same  as  the  place  measured  by  the  instiument.     We  may  therefore  call  the 

place  measuied  by  the  instrument,  the  apparent  place.    Many  writers  have 

given  the  explanation  in  this  aiticle,  as  the  proof  of  the  aberration,  not  consi- 

deung  that  the  aberration  is  the  difference  between  the  true  place  and  that 

measured  by  the  instrument,  or,  as  you  may  call  it,  the  instrumental  error;  in- 

deed, in  this  case,  the  apparent  place  to  the  naked  eye  coincides  with  the  place 

measuied  by  the  instrument,  and  theiefore  no  eiror  has  been  produced  by  con- 

sidering it  in  that  point  of  view  ,  but  it  mtioduces  a  wiong  idea  of  the  subject  j 

the  coirection  which  we  apply,  or  the  abenation,  is  the  collection  of  the  place 

measuied  by  the  instrument,  and  therefore  the  investigation  ought  to  proceed 

upon  this  punciple  ;  how  much  does  the  measmed  place  differ  from  the  true 


t 

506.  -By  Trigonometry,  sin.  FSt  :  sin.  FtS::&  :  FS  :.  velocity  of  the 

„    .        ,.  -n.fi    vcl.  of  earth 

earth  :  velocity  of  light;  hence,  sine  of  aberration  =  sin. 


therefore  if  we  consider  the  velocity  of  the  earth  and  of  light  to  be  constant, 
the  sine  of  aberration,  or  the  aberration  itself  as  it  never  exceeds  2O",  varies  as 
sm  FtS  and  therefore  is  greatest  when  that  angle  is  a  right  angle  ;  if  therefore 
*  be  put  for  the  sine  of  FtS,  we  have  l  (tad.)  :  *  .  :  20"  ;  s  x  20"  the  aberration. 
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and  join  St9  and  complete  the  paiallelogram  FtSs,  the  abcirataon  will  be  equal 
to  FSt.  Also  tfiepresents  the  tuic  place  of  the  star,  and  &  the  place  measured 
by  the  instrument. 

505.  As  the  place  mcasmed  by  the  in&tmment  diffeis  fiom  the  true  place, 

let  us  next  consider  bow  the  piogiessive  motion  of  light  may  affect  the  place  of 

the  star  seen  by  the  naked  eye.    If  a  lay  of  light  fall  upon  the  eye  in  motion, 

its  relative  motions  m  lespect  to  the  eye  will  be  the  same  as  if  you  were  to  im- 

press equal  motions  in  the  same  direction  upon  each  at  the  instant  of  contact  ; 

for  equal  motions  in  the  same  duection  impressed  upon  two  bodies  will  not 

affect  then  iclative  motions,  and  therefore  the  effect  of  one  upon  the  other  will 

not  be  altered.    Let    VF  be  a  tangent  to  the   eaith's    orbit  at  F  which 

will  repicsent  the  dnection  of  the  eaith's  motion  at  F,   /$'  the  stai,  join 

S'F  and  pioducc  it  to  G,  and  take  FG  •  Fn  •  the  velocity  of  light    the  ve- 

locity of  the  eaith  in  its  orbit,  and  complete  the  parallelogram  nFGH,  and 

draw  the  diagonal  FH.    Now  as  FG,  nF  represent  the  motions  of  light  and  of 

the  earth  in  its  oibit,  conceive  a  motion  Fn  equal  and  opposite  to  nF  to  be 

impressed  upon  the  eye  at  F  and  upon  the  ray  of  light,  then  the  eye  will  be 

at  rest,  and  the  lay  of  light,  by  the  two  motions  FG,  Fn,  will  describe  the  dia- 

gonal FH;  this  theicfore  is  the  telative  motion  of  the  ray  of  Light  in  icspect 

to  the  eye  itself.    Hence,  the  object  appears  m  the  dnection  HF,  and  conse- 

quently its  appaient  place  diffets  fiom  its  true  place  by  the  angle  GFH-FSt. 

It  appeals  therefore,  that  the  appaient  place  of  the  object  to  the  naked  eye  is 

the  same  as  the  place  measured  by  the  instmment.    We  may  theiefore  call  the 

place  measuied  by  the  instrument,  the  apparent  place.    Many  writers  have 

given  the  explanation  in  this  article,  as  the  proof  of  the  aberration,  not  consi- 

dering that  the  aberration  is  the  difference  between  the  true  place  and  that 

measured  by  the  instrument,  or,  as  you  may  call  it,  the  instrumental  error  ;  in- 

deed,  m  this  case,  the  appaient  place  to  the  naked  eye  coincides  with  the  place 

measuied  by  the  instalment,  and  theiefore  no  error  has  been  pioducedby  con- 

sideimg  it  in  that  point  of  view  ;  but  it  mtioduccs  a  wiong  idea  of  the  subject  j 

the  coirection  which  we  apply,  or  the  abenation,  is  the  collection  of  the  place 

measured  by  the  instrument,  and  therefoie  the  investigation  ought  to  proceed 

upon  this  principle  j  bow  much  does  the  measured  place  differ  from  the  tiue 

ftlclCC  ^ 

506.  By  Trigonometry,  sin.  FSt  :  sin.  FtS  \:  Ft  :  FS  :.  velocity  of  the 

T  rt  j  1 

earth  :  velocity  of  light  5  hence,  sine  of  abenation  son. 


theiefore  if  we  consider  the  velocity  of  the  earth  and  of  light  to  be  constant, 
the  sine  of  aberration,  or  the  aberration  itself  as  it  never  exceeds  20',  vanes  as 
sm.  FtS,  and  therefore  is  greatest  when  that  angle  is  a  right  angle  ;  if  therefore 
s  be  put  for  the  sine  of  FtS,  we  have  l  (iad.)  :  5  .  .  20"  :  s  x  20"  the  aberration. 
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Hence,  wlien  Ft  coincides  with  FS'9  or  the  earth  be  moving  diiectly  to  or  from 
a  star,  theie  is  no  abeiration. 

507.  As  (by  observation)  the  angle  FSt=2Qtf  when  JFW=90°,  we  have,  the 
velocity  of  the  earth  velocity  of  light":  sin.  20"  •  radius-:  I  :  10314. 

508*  The  abenation  >5V  lies  from  the  true  place  of  the  star  in  a  dueclion 
,paiallel  to  the  direction  of  the  earth's  motion,  and  towauls  the  same  part. 

509.  Whilst  the  earth  makes  one  revolution  in  its  orbit,  the  cuive,  parallel 


, 

109  t0  the  ecliPtlc>  descnbed  by  the  appaient  place  of  a  fixed  star,  is  a  circle.  For 
let  AFBQ  be  the  earth's  orbit,  K  the  focus  m  which  the  sun  is,  H  the  other 
focus;  on  the  major  axis  AB  describe  a  cucle;  draw  a  tangent  YFZ  to  the 
point  F,  and  KY,  HZ  perpendicular  to  it,  then,  by  Comes,  the  points  Y  and 
Z  will  be  always  in  the  circumference  of  the  circle*  Let  S  be  the  true  place 
of  the  star,  iny  wheie  out  of  the  plane  of  the  ecliptic,  which  therefoie  must  be 
conceived  to  be  elevated  above  the  plane  AFBQ,  and  take  tF  .  JFSas  the  velo- 
city of  the  eaitli  .  the  velocity  of  light,  and  complete  the  parallelogiam  FtSs9 
and  s  will  (504)  be  the  apparent  place  of  the  star.  Diaw  FL  perpendicular  to 
AB,  and  let  WsVx  be  the  cuive  descaled  by  the  point  s,  and  WSFbe  paiallel 
to  FL.  Now  (as  will  be  proved  when  we  come  to  the  physical  causes  of  the 

planets*  motions)  the  velocity  of  the  earth  vaiies  asy-p  01  as  HZ  ;   but  tF9  or 


Ss9  represents  the  velocity  of  the  eaith  ;  hence,  Ss  vanes  as  HZ.  Also,  as  S$, 
SF&re  parallel  to  FY9  FL*>  the  angle  sSF=tlie  angle  YFL  which  is  =  the  an- 
gle ZHL9  because  the  angle  LFZ  added  to  each  makes  two  light  angles,  for  in 
the  quadiilateral  figtne  LFZH  the  angles  L  and  Z  are  light  ones.  Hence,  as 
Ss  vaiies  as  HZ,  and  the  angle  sSV=  ZHA9  the  figuies  described  by  the 
points  $  and  Z  must  be  similai  ,  but  Z  de&cubcs  a  circle  m  the  time  of  one  re- 
volution  of  the  eaith  m  its  orbit,  hence,  $  must  describe  a  circle  about  s  in  the 
same  time.  And  as  Ss  is  always  parallel  to  tF  which  lies  in  the  plane  of  the 
ecliptic,  the  circle  W$Vx  is  parallel  to  the  ecliptic.  Also,  as  S  and  H  are 
two  points  similarly  situated  in  WV  and  AB9  it  appears  that  the  true  place  of 
the  stai  divides  that  diameter  which,  although  in  a  different  plane,  we  may 
consider  as  perpendicular  to  the  major  axis  of  the  earth's  orbit,  in  the  same  ra* 
tio  as  the  focus  divides  the  major  axis.  But  as  the  earth's  orbit  is  very  nearly  a 
circle,  we  may  consider  ,9  in  the  center  of  the  circle  without  any  sensible  error* 
510.  As  we  may,  fbi  the  pin  poses  which  we  shall  here  want  to  consider,  con- 
ceive the  eaith's  oibit  AFBQ  to  be  a  circle,  if  from  the  center  C  we  draw  Cs* 
parallel  to  fis9  or  YF,  /  will  be  the  point  in  that  circle  conesponding  to  s  in  the 
circle  WsVx,  and  as  FGf  =  90°,  the  apparent  place  of  the  star  in  the  circle  of 
abeiration  is  always  90°  before  the  place  of  the  earth  in  its  orbit,  and  conse- 
queatly  the  apparent  angular  velocity  of  the  star  and  .earth  about  their  respec- 
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tive  centers  are  always  equal.  It  is  furthei  supposed,  that  the  star  S*  is  at  an 
indefinitely  gieat  distance;  for  the  situation  of  the  star  is  not  supposed  to  be 
alteiedfiom  the  moiion  of  the  earth,  and  consideiing  FS  as  always  parallel  to 
itself,  it  will  always  be  duected  to  S'  as  a  fixed  point  in  the  heavens.  Hence 
also,  as  the  appaient  place  of  the  sun  is  opposite  to  that  of  the  earth,  the  ap- 
paient  place  of  the  star  m  the  cucle  of  abenation  is  90°.  behind  that'  of  the  sun. 

511.  As  a  small  part  of  the  heavens  maybe  conceived  to  be  a  plane  peipen- 
diculai  to  a  line  joining  the  star  and  eye,  it  follows  fiom  the  principles  of  or- 
thogiaphic  projection,  that  the  circle  parallel  to  the  ecliptic  described  by  the 
apparent  place  of  the  star  pi  ojected  upon  this  plane  will  be  an  ellipse ;  the 
apparent  path  of  the  star  in  the  heavens  will  therefoic  be  an  ellipse,  and  the 
major  axis  will  be  to  the  minor  as  radius  to  the  sine  of  the  star's  latitude.     For 

let  CE  be  the  plane  of  the  ecliptic,  P  its  pole,  PJ2  a  secondaiy  to  it,  PC  per-  i  10. 
pendicular  to  .EC,  C  the  place  of  the  eye,  and  let  ab  be  parallel  to  GE,  then  it 
will  be  that  diametei  of  the  circle  anbm  of  aberration  which  is  seen  most  oblique- 
ly, and  consequently  that  diameter  which  is  projected  into  the  minor  axis  of 
the  ellipse ;  let  mn  be  pcrpendiculai  to  <z&,  and  it  will  be  seen  dnectly,  being 
perpendiculai  to  a  line  diawn  fiom  it  to  the  eye,  and  therefore  will  be  the  major 
axis  ;  draw  Ca9  Cbd,  and  ad  is  the  pi  ejection  of  ab  ;  and  as  ad  may  be  consi- 
dered as  a  stuught  line,  we  have  mn  01  ab,  the  majoi  axis  ad  the  minor  :  rad. 
:  sm.  abd,  01  ECd  the  stai's  latitude.  As  the  angle  bad  is  the  complcmont  of 
abd,  01  of  the  star's  latitude,  the  circle  is  projected  upon  a  plane  making  an 
angle  with  it  equal  to  the  complement  of  the  star's  latitude. 

512.  As  the  minor  axis  da  coincides  with  a  secondary  to  the  ecliptic,  it  miiht 
be  perpendicular  to  it,  and  the  major  axis  mn  is  paiallel  to  it,  its  position  not 
being  altcied  by  projection.    Hence,  in  the  pole  of  the  ecliptic,  the  sine  of  the 
stai's  latitude  being  ladius,  the  ellipse  becomes  a  cucle;  and  in  the  plane  of 
the  ecliptic,  the  sine  of  the  stai's  latitude  being  =  0,  the  mmoi  axis  \amshes, 
und  the  ellipse  becomes  a  stiaight  line,  or  rather  a  veiy  small  pait  of  a  ciicu- 
lar  arc. 

513.  To  find  the  abenation  in  latitude  and  longitude.    Let  ABCD  be  the    FIG. 
earth's  oibit  supposed  to  be  a  circle  with  the  sun  in  the  center  at  «r,  and  con-     ill 
ccive  P  to  be  in  a  line  diawn  fiom  x  pei pendicular  to  AJ3CD9  and  to  lepiesent 

the  pole  of  the  ecliptic ,  let  8  be  the  tine  place  of  the  star,  and  conceive  apcg 
to  be  the  circle  ot  abeiration  paiallel  to  the  ecliptic,  and  abed  the  ellipse  into 
which  it  is  projected  j  let  *»  T  be  an  aic  of  the  ecliptic,  and  diaw  the  secondary 
PxS'G  to  it,  and  (511)  it  will  coincide  with  the  miftor  axis  bd  into  which  the 
diameter  pq  is  pi  ojected ;  diaw  GC#J9  and  it  (511)  is  paiallel  to  pq,  and  JBxD 
peipcndiculai  to  it  must  be  parallel  to  the  major  axis  ac ,  then  when  the  earth 
is  at  A,  the  star  is  in  conjunction,  and  in  opposition  when  the  earth  is  at  C. 
Now  as  the  place  of  the  star  in  the  circle  of  aberration  is  (510)  always  9O* 
VOL*  i.  s  & 
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; 

before  the  earth  m  its  orbit,  when  the  eaith  is  at  A,  J3,  C9  D  the  apparent  places 
of  the  stai  in  the  aide  will  be  at  a,p,  c,  g,  or  in  the  ellipse  at  </,  &,  c,  d ,  and 
to  find  the  place  of  the  star  m  the  ciicle  when  the  eaith  is  at  any  point  J3,  take 
the  angle  pSs—ExB,  and  s  will  be  the  corresponding  place  of  the  htai  in  the 
cucle  ;  and  to  find  the  projected  place  xn  the  ellipse,  diaw  w  perpendicular  to 
Sc9  and  vt  perpendicular  to  Sc  in  the  plane  of  the  ellipse,  and  t  will  be  the 
appaient  place  of  the  star  in  the  ellipse;  join  stfand  it  will  be  peipendicular 
to  vt9  because  the  projection  of  the  circle  into  the  ellipse  is  in  lines  peipcndi- 
culai  to  the  ellipse  ;  draw  the  secondary  PvtK,  which  will,  as  to  sense,  coin- 
cide with  *tf,  unless  the  star  be  very  near  to  the  pole  of  the  ecliptic ;  theiefoie 
the  rules  heie  given  will  be  sufficiently  accurate,  except  in  that  case.    Now  as 
cvS  is  paiallel  to  the  ecliptic,  S  and  0  must  have  the  same  latitude,  hence  vt  is. 
the  abenation  m  latitude  j   and  as  G  is  the  tmc,  and  K  the  appaient  place  of 
the  stai  in  the  ecliptic,  GK  is  the  abenation  in  longitude.      To  find  these 
quantities,  put  m  and  n  for  the  sine  and  cosine  of  the  angle  sSc9  or  CvE  the 
earth's  distance  from  syzygies,  ladms  being  unity  ,  and  as  (511)  the  anglg  wt 
=  the  complement  of  the  star's  latitude,  the  angle  totf=the  stai's  latitude,  foi 
the  sine  and  cosine  of  which  put  v  and  w9  and  put  r=Sa  01  Ss ;    then  in  the 
right  angled  triangle  8$v9  1  :  m    r    sv~rm ,  hence,  in  die  tnangle  vt$9  I  .  v 
::  rm  :  ft?=nw  the  aberration  m  latitude.     Also,  in  the  triangle  &v9  1  :  n    r 

:  vS-rn,  hence,  w  (13)  :  1  :•  rn  .  GJt^=~  the  abenation  m  longitude   When 

the  eaith  is  in  syzygies  771  =  0,  therefoie  theie  is  no  abeuation  in  latitude ,  and, 
as  n  is  then  gieatest,  thcie  is  the  gicalcst  abenation  in  longitude  ;  if  the  earth 
be  at  A9  01  the  star  in  conjunction,  the  appaient  place  of  the  stai  is  at  <7,  and 
i educed  to  the  ecliptic  at  IT9  theiefore  OH  is  the  abenation,  which  diminishes 
the  longitude  of  the  star,  the  oider  of  the  signs  being  rGT;  but  when  the 
eaith  is  at  6Y,  or  the  star  in  opposition,  the  appaient  place  c  icducecl  to  the  eclip- 
tic is  at  JP,  and  the  abenation  Off  increases  the  longitude  ,  hence  the  longi- 
tude is  the  greatest  when  the  star  is  in  opposition,  and  least  when  in  conjunc- 
tion. When  the  eaith  is  m  quadi attires  at  D  or  73,  then  ra=0,  and  m  is  gieate&t, 
therefoie  there  is  no  abeirationm  longitude,  but  the  gieatest  in  latitude,  when 
the  eaith  is  at  I),  the  appaient  place  of  the  star  is  at  d  and  the  latitude  is  theie 
increased ,  but  when  the  eaith  is  at  JB,  the  apparent  place  of  the  stai  is  at  b  and 
the  latitude  is  diminished;  hence,  the  latitude  is  least  in  quadratuics  befoie  op- 
position, and  greatest  in  quadiatmes  aftei.  Fiom  the  mean  of  a  gieat  number 
of  observations,  Dr.  BRAB&J&T  detei mined  the  value  of  r  to  be  20". 

Ex.  1.  What  is  the  gieatest  abenation  in  latitude  and  longitude  of  y  Ursae 
mmoriS)  whose  latitude  is  75°.  13' ?  Here  m~  l,  w  =  ,9669  the  sine  of  75°.  13'; 
hence,  20"  x  ,9669=1 9",34  the  greatest  abenation  in  latitude.  For  the  great- 
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cst  aberration  in  longitude,  w=l,  ioj-,2551  ;   hence,  -^-  =78",4  the  great- 

,2,5*51 

est  abeiration  in  longitude. 

Ex.  2,  What  is  the  aberration  in  latitude  and  longitude  of  the  same  star, 
when  the  earth  is  30°  from  syzygies  ?  Here  m  =  ,5  ;  hence,  19",34  x  ,5  =  9",67 
the  aberration  in  latitude.  If  the  earth  be  30°  beyond  conjunction  or  befoie 
opposition,  the  latitude  is  diminished  ;  but  if  it  be  3O°  after  opposition  01  before 
conjunction  the  latitude  is  inci  eased.  Also,  n  =,866  ;  hence,  78",4  x  ,866= 
67",89  the  aberration  in  longitude.  If  the  eaith  be  3O°  fiom  conjunction,  the 
longitude  is  diminished;  but  if  it  be  30°  from  opposition,  it  is  increased. 


Ex.  3.  Foi  the  Sun,  m~Q  and  ft=l,  &>=l  ;  hence  it  has  no  aberration  in 
latitude,  and  the  aberration  m  longitude  =  r  =  20"  constantly.  This  quantity 
20"  of  aberration  of  the  sun  answers  to  its  mean  motion  in  8'.  7".  30'",  which  is 
therefore  the  time  the  light  is  moving  from  the  sun  to  us  at  its  mean  distance. 
Hence,  the  sun  always  appears  20"  backwarder  than  its  true  place. 

The  following  TABLE  will  lender  the  calculation  shorter. 
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The  Argument  for  the  Longitude  is,  Long.  Sun -Long.  Star.    The  Argu* 
fluent  for  the  Latitude  is,  Long.  Sun— Long.  Star  — 3  Signs. 


d 

O.  VI. 

I.  VII. 

II.  VIII. 

O 

cp 

-  + 

-  -h 

«*—   -I- 

$ 

0 

20",  0 

17",  32 

10",  0 

30 

1 

20,   0 

17,  14 

9,  70 

29 

2 

19,  99 

16,  96 

9,  39 

28 

3 

19,  97 

16,  77 

9,   8 

27 

4 

19,  95 

16,  58 

8,  77 

26 

5 

19,  92 

16,  38 

8,  45 

25 

6 

19,  89 

16,  18 

8,  13 

24 

7 

19,  85 

15,  97 

7,  81 

23 

8 

19,  81 

15,  76 

7,  49 

22 

9 

19,  75 

15,  54 

7,  17 

21 

10 

19,  70 

15,  32 

6,  84 

20 

11 

19,  63 

15,   9 

6,  51 

19 

12 

19,  56 

14,  86 

6,  18 

18 

18 

19,  49 

14,  63 

5,  85 

17 

14 

19,  41 

14,  39 

5,  51 

16 

15 

19,  32 

14,  14 

5,  18 

15 

16 

19,  23 

13,  89 

4,  84 

14 

17 

19,  13 

13,  64 

4,  50 

13 

18 

19,   2 

13,  38 

4,  16 

12 

19 

18,  91 

13,  12 

3,  81 

11 

20 

18,  80 

12,  86 

3,  47 

10 

21 

18,  67 

12,  59 

3,  12 

9 

22 

18,  54 

12,  21 

2,  78 

8 

23 

18,  41 

12,   4 

2,  44 

7 

24 

18,  27 

11,  76 

2,   9 

6 

25 

18,  13 

11,  47 

1,  74 

8 

26 

17,  98 

11,  18 

1,  40 

4 

27 

17,  82 

10,  89 

1,   5 

3 

28 

17,  66 

10,  60 

0,  70 

2 

29 

17,  49 

10,  30 

0,  35 

1 

30 

17,  32 

10,   O 

0,   0 

0 

-  + 

-   f 

•_       1 
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To  find  the  aberration  in  (j^f^f6?  ,  multiply  the  quantities  taken  from 
this  Table  by  ^ff*nt  J  of  Hie  star's  latitude. 


Ex.  Let  the  longitude  of  the  sun  be  7s.  5°.  18',  the  longitude  of  a  star  5'.  18°. 
',  audits  latitude  31°.  10'. 

r.  5°.  is' 

5.    18.     14 


1.     17.     4     -     - 
31.  10  sec.     - 


Abenation  in  Longitude 


1,169 
-15,92  Pzoduct* 


M7°.  4'~3'  = 
31k  1O  sine 


i        At 

.4        — . 


0,5175 


Aberration  in  Latitude    * 


•7,58  Product, 


514.  When  the  earth  is  at  A,  the  star  is  in  conjunction,  and  its  apparent 
•Jplace  at  a;  thciefoie  the  angle  AxE  described  by  the  earth  from  coiy  unction, 
-or  the  angle  $Ha,  shows  the  elongation  of  the  star  fiom  the  sun. 

To  find  the  aberration  in  Right  Ascension  and  Decimation,  we  shall,  m  part, 
follow  the  method  given  by  M.  CAGNOLI  m  his  Trigonometry,  as  being  the 
most  convenient  for  piactice,  and  fiom  which  M.  de  LAMBEE  has  computed  a 
set  of  Tables,  by  which  the  aberration  may,  at  any  time,  be  very  readily  found, 

515.  To  find  the  abettation  in  Declination.    Let  abed  be  the  ellipse  of  aber- 
ration, and  P  the  pole  of  the  ecliptic,  as  described  in  the  last  figure ;   on  the 
tioajor  axis  ac  describe  the  cncle  apcq,  which  we  will  soow  suppose  to  lie  in  the 
plane  of  the  ellipse,  and  then  every  pomt  of  this  circle  will  be  projected  into  the 
B'ame  point  of  the  ellipse  as  before  ^  let  R  be  the  pole  of  the  equator,  and  per- 
pendicular to  RS  draw  the  diameter  MN  of  the  ellipse;  ako  draw  BMC, 
YNW perpendicular^  ac,  and  FJ3,wiU  be  the  cotresponding  diameter  of  thte 
circle ;  draw  FS  perpendicular  to  BY,  FQD  perpendicular  to  ac,  and  Off  per- 
pendicular ta  Af#;  fiom  any  point  X  let  fall  XiE  perpendicular  to  «;  draw 


FIG* 
112. 
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X*  si  perpendioulii  to  SYiad  MN  ioBpecfavely     nd  TO  in  01  Un  \io  to  (lio 
dumetei  MN 

16  As  the  po  nt  Z1  of  ti  e  cucle  lies  it  tl  e  1  stance  of  90  fiom  tho  dia 
metei  BY  the  diuiolei  Py  ^  ill  be  p  ejected  into  i  d  in  olo  QS/  whid  will 
be  conj  gite  to  MSN  ind  theiefoic  a  lingent  it  Q  is  ]  a   llol  to  AIN  honco 
QJI  is  tl  o  gieiteat  \  oipendiculai  on  AfN  an  1  consequently  it  is  the  gieitcsl 
ibemfaon  in  declination    fbi  \aMN~  B  tho  piojoction  oi  BY  wluch  is  pei 
pendiciilai  to  the  ciiclo  of  decliniUon  US  the  o  cm  be  110  ibuiiUon  in  MN 
also  st  IB  the  aboualion  in  declimlion  it  ai  y  point  5     Now  when  tho  a]  p  uout 
place  of  tho  stai  is  it  a  tho  atu.  IB  (  13)  then  m  conjunction     ind  as  the  mo 
turn  of  the  sun   s  (J1O)  equal  to  the  motion  of  the  Btu  in  the  cuclc  apcq 
whilst  the  stai  moves  ftom  s  to  Q 11   tho  ell  pse  its  motion  in  Lho  aide  •would 
be  XT  whdi  Uieiofoieiepioscnts  tho  suns  raotioi  in  tho  simo  time     >i  tho 
m  bon  f  om  the  bmo  when  tl  o  slu  u  it  s  to  Iho  tim   when  tho  ibtnit  on    u 
docliniUon  is  tho  gicntest     4-lw  (  14)   tho  uc  Pa  shows  the  olongiUon  of 
Iho  Btu  fioin  the  sun  when  tho  slai  ippe  us  at  Q.  ind  \a  tho  olon^ition  whoti 
at  s 

17  Whon  the  Btu  w  at  *  st  is  lie  ibonition  in  declination    and  is  Uic,  po 
sibon  of «/  to  90  is  const  int  */  vnnea  as  n>    but  w  is  Iho  i  ojection  of  X«    in  1 
thoiefoie  in  a  given  i  itio  to  it    hence  si  vines  is  Xx  the  uno  of  XY  oi  cosine 
of  XT    that  is  the  abenation  m  dodination  at  any  tune  is  as  tho  cosine  of  (Jit 
sun  B  difltince  Awn  tho  point  wheio  it  ww  when  tl  e  iboii  ition  in  loolmalion 
was  the  gieitest 

To  find  GIT  wo  hive  by  tho  piopoity  of  the  Uhpse   QJ/x  SAf=6(/x  Sc 


an        a    «n        a    sin 


gos  rSa    honce    QITs80  x  mn t^R  tho  greitcat  ibonalion  m  cle 

cos  J.&a  ° 

obnition 

no          18  Let  P  be  tho  pole  of  tho  equator  QEW  0  the  pole  of  ilio  ecliptic 

*  8     CLV  Slhe  place  of  the  star  P&AMi  cucle  of  dochnilion  OSI  a  cuclc  of 

latitude    then  L  has  tlie  &nmo  longitude  as  the  stu    and  theicloie  (  13)  it 

mirkfl  the  place  of  tho  sun  when  the  abonafaon  in  lit  tndo  is  nothing     Diaw 

tho  cncle  STR  perpendicular  to  ISA  and  f  wifl  be  thtfyloce of  tho  sun  when 

™      the  ibeiration  m  dechnabon  w  the  greatest    for  by  Comet  17N    WY    Sfi 

Sfp     (  11)  sin  Btarslat     rad  ftlao  WN    7P~Y   tan  N8lP*Qi  P&R 


oft  THE  ABERRATiott  or  Ltdni* 

01  cot  7  to     ienco  sn  st-uslal      id     tan    PSR    cot   T8&     But     no 
Sf   (tho  stuslil)    i  1     col    ZSL    01  tin  iJAT     cot  PL    hence      113 
II  ico  fiist  tc  ms  1  1  these  two  list  p  op    t  onfl  bo  ng  lespocUvely  equal  the 
iJCrtTClr,   Il3)  =  7-L(rig  113)      ndisaT  epiesentstl  emotonof  theaun 
£  i  om  ll  e  t  ino  whon  U  o  ibemt  on  in  led   it  on  s  the  gieateat  to  conjunction 
*vnd  i  lopio&ents  thoihceof  tho  aui  itconjuncton  J.    uust  bo  the  place  it 
the  g  oitosL  xbc  ution     Hence  by  the  la  t  A  fade  ti  e  g  eatest  iba  xl  on  in 

clcdiiiUon=s^  _  snvjfsr      But    n  Uetiiinl    bfl    cos    TSi    01   an 
cos  jy 

JV^^i  —  qn/7S    cosJ/1    luico  theg  oaiest  abeiiation  n  Icclintonbe 
comeb  20  xsn  Lib     Also    i  tlio  t  ungle  ET&  an    EIR   o    Bin  LT&  = 


am  sui  ^^  (bociuse  the  meaauie  of  LRT  b  AS   ind  ^£  ia  the 

Ll 


complement  of  JCJZ)  cojcnn_         nence  we      t  ti  e  g^tesl  boiiatiou 

r  '          en  7  7 

in.  decl  nitic  n  =  SO  x  cos    n  hi  iscensioi  xun     Ice     I  v  dcd  by  the  B  n  of 
the  sun    linfiLile  il  ill     Uino  when  the    bointion    s  gioitert  subt  ictivo 
Thcioloio    is  the,  ibo  iilion  it  11  y  oU  01  1  me     (  17)  it  the  coiu  e  of  toe  sun  B 
distinco  horn  lhatplicc   whc  o  it  w-xs  when  ill    ibc  iition  \ns  lie  gieit 
ost    if  /    be  the  sun  s  loiif,  tudo  it  tho  Ume  of  tho  gicitcsl  abeniUon  in 
cloclmitioiisubtiocUve    S  its  Ion  iludo   t  any  oUioi  time    A  iho  rtoi  s  light 
>n  D  ils  dtclmafaon    0  the  obliquity  of  tho  ecliptic   tho  ibenition  at 
os  AxvnD    cos 


<nn         _ 
—  SO  XCOT  A    sm    D    cos   1      os   S+sin  J     Bin  iS      /  ?» 


'    m  7 
cot    7  )  —  0     co     A    sin    D  x  tot    i  x  COT     S  —  2O  x  COT   A  x  wu 

S      But  (Ing  licp  XLV  )  col  Ll    QJ  cot   £  =  CQt 


j-cos    J  xcot  J  J?—  (bccuwe  cot  7J2=-tan  ^)  -  ^  ^  --  cos  Ox 

t  in  y<   honco  UIL  iboi  ition  in  dediuifaon  bocomoa-  ^O  =sin  D  x  COB  iS  x  cot  D 
xsioOifiO     coa^xanZ)    cOTyxcoBOxten^-SOxcoB^xflnJDx 
sin  S  =  (bcc   laosn  /)xcot  7)=coa  /)  indcos  A  xtaB  -4=sn  ^)-SO  xan 
Ox  cos,  73  x  cos   S  1-20  x  cos  0    sn  ^xain  Dxcm  &-£>  x   OB  Jxsm  J) 
xsin  A  =-20  xsnOxcos7)xcoaS-20  xsn  Dxcos^xsin  b-cofl  Ox 
sin   A  x  cos    S      Toi  floULh  dodmafaon  we   Tiuat  diangoil  e  signs     But  by 
Tiigonomcliy    co87>xcos  S=icos  5TZ5+-  cos  S-D 


32°  OK  THL  ABIBBAWON  OP  LIOH1 


no 


am,  A.+  b~-isin  - 
honce  the  abar    t  onia 
+  iQxl+oa    Oxni  <4~-&xnu  D 


O'xain 
-  10  x  B  n  O  x  cos  iS- 

-10  xam  Ox  cos  i+J5 

Tlie  two  list  leims  must  hive  Lhou  si  ns  ohingod   when  the  clodiiiitiou  i 
south 

19   To  find  tlio  «in  3  plvce  vrtion  the  ibcu-itiou  is  tlie  fiiealo&t  TVO  1  ivc 
ntl     ti  ingle  ii2  en    S/     iid     tol  TWi    cot    11     tlioiafb     Inowiif. 
Ihe  longit  do  of  the  sUi   01  of  tl  o  po  it  J  He  Ion    Ln  1  of  1  the  phco  of  the 
sunwknown      Ilence  wofud  tho  sun  1  1on  Hide  \tl   utlo  beniUon  11  t,ioat 
cst  subU  vctivo 

so  fo  find  the  abo  iaUon  in  Hi  hi  lacemion  I  ol  6  bo  tho  t  no  p]  ic  c  oJ 
theeUa  abed  ihe  elhpso  ol  ibqxialion  apcj  tho  cucumsciibinj,  cuck  7  tlu 
polo  of  the  achpUc  -aid  R  Uut  of  Uio  equate  md  let  M&N  be  a 


diamotei  lo  A&B  diaw  JWC  DAF  poipondicul-u  to  ca  jo  n  Vb  di  \w  CSA 
wludi  imwi  bo  peipeudicuhi  lo  T5  and  diaw  MO  pupcnd  oulai  to  JB  Oso 
iiora  any  point  Q  duw  Qf»  peipendiculox  to  ca  and  Q^  w  pupcud  cula  U 
5F  S^  teapectivoly  ind  «  on  oidimt  to  the  li-unclei  AB  Now  it  is  ma 
mfesl  fhit^ttthoappaicutpliccof  the  bli  when  llu.  ah  uitoi  in  ii&litns 
conaon  a  nothing  ind  ^l/wfa  n  l  is  catesl  bcems  i  linguit  it 
to  AB  ByUiopiopuL/ofUiL  Ihw  M(  A  =  dSxcS 


MO     honoo^  rfs    J|f      but   AD       Xff 


thoxeibio  5y    Afr   (hat  IB   tlie  sine  ol  Va    tho  mnc  oJ 


01    COB    76JJ     20      J/G  -     -j  iho0itil«t  -010111111011 

m  ntoht  -iBceumon     If  tho  stai  bo  it  any  othoi  \Q  \\l  &   fJioi   so  <j  tho  ibcui 
ton  in  i  ghi  ascuifi  on     but    o  s  in  i  given  iitio  to  w    and  sj  is  in  a  given 
iifao  lo  Qf  bociusq  Q-fispiojootedmlo  »     hence  wvaies  is  Q/Hhc  bun 
of  QV    01  cosino  of  KQ.  Uio  diBtonco  of  tho  sun  fiom  Uiat  pomt  wheie  iL  \\  i 
no     vbentheabcualionwisgieileal     Now  tan  A\D  01  eol  /  SJ2    tui   ^Sa 
(AD    FD    )  am    sfus  Ia£     iod   (  11)     battin   I/I     tin     A/SJ      sin 
shialat     lad  houco  is  J  £R=jL£SJ    tho  ting  TSffxlin  J^/is  constant, 
thoiefoio  JM  s  thocomplonontof  TSa     honcc  IM=ha  tho  obi  gallon 
of  the  sun  from  tho  sti    when  tie   ibeuilion  is  0icitost     tlioiefoip   ^/  i 

a 


OH  HID  ADBfcUVTIOiT  O*  UGIIT 


die  place  of  the  sun  it  that  tame     the  longitude  of  wh  cli  put  =  Z  at  tho 
time  when  the  abomtion  IB  gi  ate&t  Bubtaaclivc     Henco    tho  gteateatabei 

iation  in  idit  iflcenuon=  —  —  c°     ,,  —      Ihis  «  tlio  ibeiiiton  at  the 
0 


cos 


stu    and  theiefoiozeducedtothoequitoi   t  (1  )  becomes  -  £££5  -  — 

^  ^     '  COB  AfLxcos  8  A 

Butco-lJ££=Bin    J/=S1  £Zf.=lIL-^     thoiefoie  the  gieatest  aleiia      i» 
cos  A/I  sm    M  7     sin    i  113 


lion  subtract  vo  becomes  ~     Ax  sin  ^    henco  tl  o  abouaUon  n 

OT  D  x  sin  7 


^^ 

,.        .  ___       —  20xin     A  x  cos     7"  — 
-sion    at    any  othoi    fame  =  -  -  -  -=—    —  T 

J 


-  -=—    —  T  - 

CQ3    Z>  X  B  n    i  COS 


xcos  /     cos   S  +  sin  J/xnn  A  = 

-SO     sin  A    cot  /  xcos   S-flQ  XSB  A    sin   S_  /b^^  coL  £=COT 

cos  J) 
^        L     j\-  0     sin    .4  x   os    S  *  COT    O  x  cot    .d  —  go  x  BUI    A sin    S 

O      COt      A)  — ,r-» 

/  »   rtL          /  I 

Ltn    -i-' 

^-JOx(S    0     co     ,Sx     \^-g°      *>'"    ^xsin     S      NQW  lf  ^  ^ 

cos  J) 

incnt  A  by  00  01  9  ai^na  the  nnm  latoi  of  Ui  s  fiaclion  bccomcn  the  Bamc 
w  tho  coefficient  of  sin  D  in  the  abeii  lUon  oi  declination  because  tho  Bin  A 
=:cos  37~3t  and  cos  ^=sin  A  i-S»  But  to  icduco  Ihw  flnlhei  we  have 
os  -4xtos  Sa^  cos  A-\  /i+A  cos  A—M  and  wu  ^4xsin  S=j-  cos 
T^TB  —  COB  jTTTj  htnco  Uio  obo  intioa  in.  Jit  ht  Axetwon^  - 
10  xi+eos  Ox  COT  yi-S— 10  XI-COT  Ox  cos  •#+*...  _ 

cos  ^) 

- — r<-  •  I  li 

10  17  xcos  A-  b-0  89  xcos    ^     b  x  we  J> 

81   Af.  1/  (  30)  B  tho  place  of  the  sun  when  the  abeii  xtion  m  light  OBcen 
ion  is  tho  greatest   wo  ha\o   COB  A£M    Ian  Af  U)o  stni  B  light  ascension 
lad     tun  J  M  tho  sun  B  longitude     llenco  ^o  can  find  iho  sun  s  longitude 
^  hen  tho  abcn  ition  is  gicatcst  BubtiacUvo 

22  riort1*the  o  o\piosBions  foi  the  ibenation  in  light  ascension  and  dec! 
nation  M  do  T  v  IBRL  has  computed  Uio  followm"  IABLIS  by  which  tho  abei 
Jit  on  of  a  slu  at  any  time  may  be  \cij  iOadily  found 
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4:=tiiei    11    scorn  on)    ofdlcsUu 
D=tho  led  ml  on       ) 
5=llio  loi    lulo  >1  tic  si 

lulci  J  llo  I  wth  Uio  -u  un  nt  4-5  ind  lillc  II  TMth  1  +  S  in  I 
11  o  sum  of  the  Uvo  coiiospoud  n  n  mbc  s  milt  pi  el  by  0  c  bccint  of  D  11 
be  tl  o  ibui  lUou  i  lit  ht  Ascension 

1  atoi  1  xblo  I  \vitlj  tho  u  umont  A-S-\  3  s  yra    \n  I  1  iblo  U  \\  Hi  A  \-& 
h  S  ai  n      n  I  tlio  sum  oi  U  o  two  co   cs[  o  d  n^,  i  in  bwa  mulUplio  I  b)  tho 
sine  oLD  A\  llbc  Ihoflibtptit  ollbo   bcixLon  u  dtd  untioii 


Iiblo  III  v  U  (1  n  uffleiilB  A  +  J>  in  I  9-J)  •u  1  you  vill  lu  o 
t\\o  oU  i  ait  f  U  c  bcii  it  on  kcli  lit  n  iiid  tl  c  sum  of  these  Unco 
pnits  \M!!  {,  \u  tlio  \\l  ol^  \bc  Uoii  i  Declination 

II  the  tltdmxUonoftlic  si  u.  bt  south    xdd  s  x  sigiw  to  6  1  D    ud  S-D 

1  \    lo  find  the  abonation  o/    Aqwla.    on  May  10    179     at  IS  o  docl  m 
iht  u  orang 

A=9   2     i 
jS  =  l     o   U 


-6=  8  0  T\blol  h^  i 

45  =  11    i     J4   liUoII  10  s 
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=  8    20  flecint  i  oil 


Abcmtionm  Ji/  M  Ascension  H8  J98  lioducl 
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8     SO  SU10  0    14 

=i   20  as  


2  40  Pioducl 


=l      28     32TlbloIII  -208 

-D=l    11      3  Table  III  -       97 
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If  the  stai  B  declination  h  id  been  toull  then 

e  BlgHfl=i7    28     82  Table  III  +208 

«?- J>  +  8  Blgnfl*i7    11    52  lablolll  +  J  97 

PiiBtlait  -2  49 


+  26 

Fbeobomtion  of  islaripplmlto  its  appaiont  place  &IVCB  lie  tide  place 

23   Or  tho  abemfaon  of  a  slot  may  bo  time  found 

Hw  the  Abetiattotl m  Longitude 

Coun  lat     lid     so     M  01  maximum 

Aberration  ib  O  tending  to  excess  when  tho  sun  B  long  tudo  is  8  gieatei  thin 
that  of  the  etir  \  01  tho  aigumont  of  abenation  is = the  suo  B  long  -tho  Btv  s 
long  -3 

Foi  the  At  Citation  tn  Lititnde 

Hod     s  fl  lat      o     M  01  maximum 

Aberration  s  0  tendin  to  oxcesB  when  the  sun  s  longitude  is  opposite  that 
of  the  star  \  or  the  argument  is  ilways  tho  sUn  B  long  -  thd  Bl  u  s  long  ±  6 

4 


ON  Tin  ABEIUUTION  or 

rot  Hie  Abet  ration  tn  Ki0ht  Aecene  on 

Sn  lit     nd     cot  P  o   ^  position     ton 
Cos    lechn  xsn  Z    COB  J  x:a4     20       1 

SU  mjaat  01  toi/quad  of  Ion     4^Lluc    i  * 

"  ^  ^  Wltu  J     lot 

Stoi  in  Mcowrf  01  flui  d  quod  oflon^ 

Tike  \^S  so  ig  to  be  fewlliin  6  rhcn  Uie  ibouitiou  in  ^  t  iscen&ion=s 
-Jl/xcos  (A^5)  ml  f  \~iS  bo  Jess  thms  the  ibo  lotonis—  ifgieitei 
tlauS  itu  F-  wheic  S  =  Bunslon  itudo 

(J a  A&err atton  in  Noiih  pd  i  1  stance 

Sin  stai  sit     lad     tan  2     tin  Z 
Sn^snJ     2O     Af 

if  long 


Let  S  seiin  s  longitude  find  toko  T^*y  so  as  to  bo  fc^j  than  0  Then  thp 
ibenaUonmNl  D=-AT  XCOB  (V-^)  w)d  tf1^-1^^  *w  than  S  ai^ns, 
thooboiiitionifl—  tigt  eater  than  3  B%nB  itis  + 

Iho  lulo  Di    MABKLLTKT  thus  investigated     Lot  J   bo  llio  pole  of  the 
oquitoi    I   that  of  the  edipt  c  8  the  &ta     t  the  place  by  abeiration  oo  lha 
abonation  parallel  to  the  orliptic   t/  ttut  in  north  polai  distance     dim  t;» 
porpendiculu  lo  S7     md  td  to  7urf     Iben  1  (lid  )    COB  2  AJ      So    IM*  = 
Sw    coe  PS  J    1     am  J5L    5fe    6ff*=35wxflm    PA£    1     cos    I SL    to 
vd=tvxcoB    F&L    1    BW   1 SE    tv    ^rf=^x9in   JP«££     honce    the  ibci 
ration  puallel  to  the  equate!  =tw  +  fef=(calling  iS  the  angle  J  ££)  iSv  x  cos   V 
+  toxsm  6    iod  this  divided  by  cos  Dec  gives  the  abeiiation  in  AR     ilso 
the  abcij  ition  m  N  F   D  =:  Sm-wf=5Wx  ein   5— to  x  COT  &      But  by  Ait 
H  -StJ=20  xcos  (olong  -  *lon)  ondft>=2O  xstn  lat  xsin  (olon  -  * 
Ion )      Now  let  sin  6    Bin  lat     cos   &    sin    Z    cos     Un  Z     1    then  by 

am       O 

substitution  the  ibomUonmN  P  D  =SO  x  >  x  (ain    2  x  cos 

sin  /      ^ 


3*6  ON  am  ABJIUUJ.IOV  oi  jionr 


~*l)-cos    ^xtun     (ol  -  j|l)  =  20  x  5i!L-x    m    (ol  —  *  1  —  7} 

' 


Bulvlcn(ol  —  *I  —  /)  =  90    Ucibuiition  =  mix  (A/)    1  once  sin  7 
siu    S     2O     Af  and  m  in/  oil  01  ci       tic  iboiubon  =  A?    sn  (ol  _  frl 
—  .Z)=^/xcos  (ol  —  *I  —  /+3  big)     Also   lot,  su   tl  I      1     cot   S 
lui  -£    Uion  bj   flubiUlulioii   Uio  ibcinUou  p-uolltl  to  the  cquvtoi  =  20 

52       x  (sin  ^*  CCM  (ol  -  *1)H  cw,  xx  *n  (ol  -  *1  ))  =ao  x 


\ 


COS 


(ol  —  *1  +/)     hence  Uio  •ibouiUon   u 


cos  doc 
xfliu  (ol  — *1  I/)    But  when  (ol  —  *1 +2)=90    tho  ihouition 


=ma\  (Jtf)  1  enco  cos  dec  x  un  /  cos  S  SO  M  ind  m  iiay  oUioi 
ciso  llio  nbeuftlion  in  Afl=lMxu.n  (ol  -  +1  i  7)=Af  x  cos  (ol  -  *1 
H^+^fcig)  luLliigtlofllT  Ihoiofoio  iLo  ill  Ui  qiilinti  ind  \  LJU^ 
doBi^iH  of  tJbo  quiiiUlcs  accouliu  ly  vo  got  Uic  djfliiont  CISCB  specified 
nbovc  lanonbDi  MISIUINL 


fl  1   Di  BEADIJ  Y  h-w  bliown  Uio  n^icomQul  of  I  H  tlieoi/  with  obfecn  ilion 
which  weili-Ul  heio  put  down  ioi  tlic  s-xtiaf  ictiou  oflhoiQ-uici 
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7 
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i 
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O 
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3 

17  8      D 
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2) 

8 

Ai     1    10 

18 

18 
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2 
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24 

23 

O  t      l( 
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19 
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3M 

31 
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10 
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J 

31 
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D    BRVDTTY  Jut  thai  cbscivL     ll  at  n  ibovc  70  obBcivalioiis  nrwlo  m  i 
>n     J)i  tcoiu     the     wis  but  010  (in  I  lluL  is  noted  vuj  dubious  on  account 
wi  cl  in  Is)  \slu  h  1  (loicd  i  c  LC  tli  in  ;  1  om  the  ihooiy    \n  1  tint  lid  uot  1  ff 
3      Anl  in  U  out    o    b  uvitions  n  vdo  in  \  yeai  on    Una  mtywn   1     h  I 
not  (n  I  v  Ifi    cncoot  3    c\c<pt   n  ono  mil  od  doublfbl  on  iccoUnt  ot  the 
u  i  lulitioi  ol  the  i      &c    i  d  that  (lid  not  diffbi  3      Ihis  igiocmoiit  boUctn 
the  theory  ind  obsomLion  ICWKM  no  loom  to  doubt  but  Untth    onu  o  9  igl  Lly 
issiftnc  1     And  ii  UHB  bo  Uio  ciso   Uio  winu'd  p«u  illw  of  Uio  frxod   tus  nust 
bcc\l  cmol>    nil!       IbcluvL     wy«»  Uio  DH      U  it  I  nnyvuUuic  to  riy&ii 
m  cill  ci  ot  the  ibovc  mcnUoncl  slua   it  loos  not  amount  to  2       I  b  1  ovc  ai 
jtwt  o  l  J  should  hivopu caved  tin  thcgicaL  numbei  of  obaoiviloifl  tlmtl 
nid     especially  on  r  Diiconw    wind  igioom^  wid   ilio  thco  y  (w  thai  t  -U 
Lo  m     my  thin    f  n  p-uoll  x)  nc  Uy  as  ^oll  in  conjunct  on  with    as  in  oppo 
B  t  on  to  Una  stu  it  we  ns  vciy  piobcije  tjiit  tho  pmll  vt  is  not  so  ft  cit  ns  our* 


38  os  TIIT  ABIBRATION  or  LIGHT 

si  i0lo  second     md  consequently  that  it  is  ibove  400000  times  fu  U  ei  f  om  n 
tli  in  the  s  in        lie    bsoivitions  of  Mi  Fi  AMSTLAD  of  the  duTcient  di  tauce 
of  the  i   le  etai  f  om  tho  pole  it  diff  ici  t  times  of  tfio  yen    md  which  wis 
lo  ke  I  upon    s    pi  of  of  its  in  mil  p  u  Ula*    wis  undo  btedly  ow  n    to  U  is 
c  use     Toi  ho    oncludcd  tint  thcslu  \vis35    40  01  4     ncno   theiol   in 
Dcceiibei  th  m  n  Miy  01  July      nd  iccoid  n^,  to  th  a  hypotl  «n   it  ou  1 1  to 
ippoii  10  nouoi  in  Doccmbei  Uun  m  Tuno      lh    igieemoil  is  gicitei  tl  in 
could  hive  been  expected  f  om  ob&eivitions  mode  with  his  nstim  ent 

2     Ilenco  Di    BaADLry  deduced  tho  folio  viog  conclusion      l    II  it  the 
1  ght  of  ill  the  fixed  atais  nuvos  at  tho  euth  witli  equal  veloc  ti  &    f  i  tho  mi 
jo    IMS  of  tho  ellipse    b  tho  suno  n  all  the  sta  s   that  is  40  accoi  ling  to  hi 
1  stdcteimnitioi    2   1  hit  unless  thci   d  sUincos  f  om  us  i  e  all  cqu  U  which  i 
veiyimiiobnblo   the  i  h0l  la  uo  pi  pigated  ttnt/otmfy  to  ill  dstuiccs  fom 
them      J    lhat  I0ht  moves!  omtho  sun  to  theeaitli  in  8   7        mdilsAclo 
city  is  to  the  velocity  of  tho  euth  in  its  oibit  as  10814    l      4    11  it  the  tii  10 
thui  detoimmod  can  scaice  eai  i  om  the  tiuth  by  ibovo     01  10  at  jnost  ^1  ch 
IB  fluch  v  degic<s  of  ox  ictncsa  as  cm  novo  bo  s\\  eotod  flom  tho  eclipses  of  Jtt 
ptto  B  Bitolhtos          lhat  IB  lh  s  veloc  ty  of  fltai  light  comes  01 1  about  \  mean 
of  tho  Bovoial  veloat  oa  found  fiom  the  feel  paca  of  Tupilei  s  iitellitca    we  niiy 
leoBonibly  conclude  tibat  tho  vclocitiw  of  these  leflectcd  hghts  no  equal  to  the 
velouty  of  dnoct  hght     6  And  ia    t  is  hi  hly  piobable  that  the  velocity  ol 
tho  sun  s  omitted  light  is  equal  to  filial  of  sti  hgl  t   u  follows  thit  its  ^clociL) 
IB  not  alteiod  by  leflect  on  nto  the  saa  e  ncdium 

On  OIL  Alcnaltm  J  Ji  lit  m  He  Plu  ols 

uo  2T  Let  S  bo  Uie  sun   /Uiooaalh  J  tlio  con  eaponding  phco  of  tlio  J  Janet 

11        and  1  t  us  suppose  J  t  to  be  tlio  Inootion  in  which  the  eirth  is  mov  n     paiallcl 
to  which  di  uv  2  Q    and  whilst  h  1  i  moves  fion  P  to  1  let  PQ  b   equ  U  to  tho 
spice  lluouji  which  the  euUi  his  moved   ind  (  04)  Q  is  tho  ippnent  phco 
>l  Uio  plftnet     Now  let  Ip  be  tho  mot  on  of  the  planet  in  the  sime  tii  ic  then 
Q  bci  ft  the  nppuont  and  j>  tl  e  coiioflpondmg  t  uo  ploco  tl  e   nglo  Qlp  is  the 
ibci  ftt  on  a  in  g  fion  the  piogrtns  vc  motion  of  1  gl  t  and  the  motion  of  the 
pi-Wet,     As.£Q   J^iopi  sont  the  mot  ons  of  tl  e  euth  indplnet    Qp  cpie 
•sonts  Iheir  iclitive  notion    hence  the  mot  on  of  the  pi  mot   bout  tho  euth  11 
tho  time  m  which  hght  cbmcs  fiom  tho  pla  ot  to  tiie  entl    is  tl  o   ben  tion 
JetfiTsl    PT=&   tH^ithbanglo  deaciibetlby  tl  e  plinotaboit  ll  o  cutl    01 
its  gcoconfaic  motion  e  thfei  ui  lahtu  lo  lonfc  hide  i  i,l  t  iscens  on   01  dccl  ni 
Uon    nfl4h<miB    Uien  l    d    8    7        87      d  the  tamo  hfeht   h  mov  n 
/torn  P  to/    consequently  sift     s    7  Bd    m    the  ibcuition  =  l-'7      ^?= 


ON  Tin;  ABERRATION"  OF   LIGHT 

0  00  81  dm     lhus  we  fln  I  tl  e  obo  lation  of  a  planet  e  thei  m  lat  tud     longi 

1  le     ght  i  cci  no  i  01  dc  I  nit  on      TI  e  geocenluc  mot  on  may  bo  liken 
fiom  the  Nautical  Abnatiac  and  the  ustai  ce  i   od  not,  bo  caJci  htod  to  any  veiy 
gieat  dcgieo  of  ace  i  ic)     Wo  my   la   f    tl  ci  obse  ve    that  when  ro=0   or 
the  pi  mot  is  slitionaiy  the  obci  at  01  becomes  equal  to  nothing 

Ex  1    On  May  1    1791    it  noon   -whit  IB  the  abciiaton  in  1  im  lud    of 
Mori' 

IIoio  51  =1    27  the  mem  distaice   the  big  tude  of  the  sun  is  l     11 
nd  the  gcoconb  c  lot    tude  of  Mais  is  0    39     19    hence   Uie  ingle  1  7*5  = 
11     11    aidconseque  tly  J./  =  S489  =  rf     oko    w»  =  44      0  =S690  fiom  the 
Nautical  Almanac    lionco  0  oo  61  <fri=fl7  j  tlio  ibomfaon  in  longitude 

P  Toi  Iho  Moon  rf=0009  9  the  mean  distance  ra=13  10  S  = 
17  U  Lie  mean  luinal  not  on  hence  OOO  04  dro=0  67  tl  o  abeuation 
whicli  s  &o  small  that  t  in  ly  be  nt  looted 

7   D    MAWDI\N    ob  OMOT   tl  it  since  i  pi  mot   as  ftfFclol  bj  abcna 
Uon    ippoois  m  the  place  \\\  10  1(  should  have  i}peuccl  at  tho  instant  of  the 
emission  oi  its  light   cxclu  ivo  o(  U  »    aiso  of  eiroi    it  follows  that  tl  o  moot 
s  mplo  as  well  is  the  m  it  clc  ant  mctl  ocl  of  computing  tlio  appucnt  geocen 
tiio  place  of  a  planet   is  to  compute  its  goocent   c  place  by  Uio  common  lulca 
fci  Uiitmstmt  which  piece  les  the  fli\cu  time  by  tliointoival  of  time  taken  up 
by  1  ght  to  move  fiom  Uio  pi  net  to  tho  <mlh     To-i  tlna  puipoao  tho  distanoe 
of  tlie  pi  met  need  not  bo  computed  \  eiy  accwaloly  an  1  tl  on  Uio  time  may  be 
i)uud  1  y  J  xblo  X\II   it  tho  end  of  Volun  e  II       fhe  aim  B  longitude  must 
]  o  co  muted  *  Q    Uio  opocl  of  its  moan  longitude  idvancod  by  flo    because 
it  ol^aj  s  appeals  so  much  loo  boefcwoid  in  tho  ocl  ptic  b>  ibeii  ition    and  the 
1  iblos  hwo  been  const  uctod  without  nul  ing  my  collection  on  this  account 
md  consoq  lonlly  Uicy  show  the  epoch  of  Uio  mean  longitude    0  too  little 

28  If  wo  suppose  UK.  planet  aid  eoith  to  dcsciibe  cucles  which  ^  n  the 
simopline  whi  hwlln  iko  no  sensible  hfibionce  then  it  in  It  pioduced 
v,o  tike  1  I  =  1Q.  *nl  haw  Pa  piullel  to  pi  Ue  angle  E2a=p7Q. 
tho  abeu  it  on  d  iw  alto  Jw  paiallel  to  1  p  By  Ait  06  the  w  gle  TPL 

=sin  £xflO     ilro  SID  L    sin  L)l     It     2L    1u    To,  =m  •& 


faD 


henoc     JTa  =  2  Z  q:  mi        f.  x  Tu    confloquently  TL    La  =  TT^  Bm 
sin  L  i        ^  T 


J>  t  Myt       t  t  l     Uyp     nit     P    b  t     IT       lly     f      U 

t    1  p    L  U       tl  nj         y  m  II 

VOI.  I  D  u 


JJO  0V    II  L    YUERRAT10N   01    LIGHT 

J.u    an0le  J.1L    11   lo  LI  a    sm   J  x   0      ngle  FPa^am  £x2O  + 
11  L  x  20      but  J.1     lu    ^clocty  ot  Uio  eoiih    velocity  of  the 


d  o  sn  .L  01  .7  7f  =  cos  6/T  -uidsn  ErJ  01 
bonce  by  subbtituUon  the  i    l 


the  ibcniUon  m  longitude      Ihe  fiisl  teiDr  COB   Sll 

0  OL  tin  L  0  is  (  0&)  the  bo  jilionfoi  ifixolilu  liLncc  tho  othw 
tin  01  Ll  ibeiiitioi  ul  icl  i  t>e  floi  tl  o  motion  ol  Iho  1  o  1}  \JJQI 
i  ih  u>  nc  of  tlic  ^1  L  the  bo  ly  let  cntlcsuu  \  I  ci  th  Incctlj  nn  L 

th    squi  L  10  1    >f  U     1   Lin  c  o/  tho  b   ly  fion  tho  sun  mcisoly      Ihc 
f   LpiL     c<t  mo    t    JI  tli    jlucl    Iho  do     it  on  be    c,    ivo  i      IfwotUo 
the  sun  of  tho  -\bciiaUons  ^  Ion  tho  pi  net  is  i  conjunction  ml  oppouluu 
tie  list  put  TulL  I  c  lcs(io}cd  by  Uio  o^osticu    f  tss^ns    v  \  w  tlo  cos 
&fl  11  01110190  =  1  tho  qum  of  tl  o  t  vo  ab     itions  sil\\iys  =  4O 

29  When  i  conic  Iw  with  Q  o  whon  i  lino  jon  in  tho  e-utl  indpliiict 
co  iUn  leg  ^  aiallol  to  tself  Uicio  H  no  'iboi  Uion  this  tbciefoj  e  happens  when 
the  iluiot  IB  ^Ulonaiy  In  this  caao  (puttm  a=iSP)  cos  SJ,1  x  2O  - 

x  SO  =O    or  a  x  cos    S2P  c=cos    SI  I     01  a  x  I  -  an    5/P  = 


I  -sin  8PI      but  a    1    un   J77    an    5P7  =5  -LL_         wh  cl    subattiilcl 

a 

foi  en    SI  J.  m  tho  last  cquUon    ly    eduction  give    sin     Wy  —  ^/  * 

a  - 

the  auno  is  u  Ait 


11  IP       1         i    t     il    ll       IP      t]     f 
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SO   M  de  la  LANDE  1  -w  Qilcuhle  I  the  following  Table  B!  ow  ng  wl  at  we 
muflt  api  ly  to  th   ttue  \  lice  f  i  phnet  in  long  tude  lo  find  Ihe  app    ont  j  lice 
mwl    h  the  q  nnt  boa -veto  bo  ppliodicco  dug  tothei   wgna   All  the  oil  ite 
aie  91  pp  sed  to  be  ci  cul-u  except  U  at  of  Met  cwy     When  tho   bouaUon  u 
ne  atooe  tie  planets  motion  IB  Itrcct    Tihenpo«ft»  it  iatetio0iade 
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Elong  horn  Sun 


Mats 
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Saturn 
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10 
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^ 
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20 
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1 
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+  13 
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+  6 

+  11 

+  19 
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31   M  de  h  LAJror  ob&eive*  tint  in  the  passage  of  Metcuty  ovoi  toe  BUII 
in  1788  the  abei  tit  on  ictoide  I  toe  phases  by  co  nputition  6    a  i    as  w  11  ap 
peai  by  augmenting  Is  lo  gilude  by  18  8  too    be  iitum  at  th  ii  tme   and  h 
mimahmg  that  of  ti  e  sun  20   wi  ch  s  alwiys  iia  abe  lit  on      Compute  tho 
pi  aw  by  supposing  each  body  to  be  at  its  tiue  place  ind  it  ita  ai  p^ent  dace 
at  the  same  t  ne   and  the  difieienco  ahows  how  much  the  ibeiiation  iffccls  tho 
tame     Moicovei  wiien  we  calculito  tl  o  tiuo  geocenU  c  place  of  i  planet  wo 
must  add  20  to  tie  place  of  tiio  BUU  in  Uic  1  tblos  of  its  motion  the  placo  of 
tne  sun  being  put  down  is  affected  by  ibeiiibon 

583  ByAifccle  26  tl  eabei  abons000564  dm  iftho  eaith  s  chbtmcofiom 
Uie  sun  be  uuty  if  tiiwefoicthat  distance  be  loprosented  by  10  the  abeu  aUon 
-0000  64  dm  fomwhohthefbllown^Tiblewasconstmctod  toboontoicd 
mUitJiedistticoofthepl  ict  Horn  tho  onto  an  I  the  ai  lo  rlescubod  by  Uio 
planet  about  tho  eaithm  34  ho  us  in  latitude  long  tude  11  ht  ascension  01 
uecunatioQ 

If  the i  distance  of  Uio  body  Aom  ihe  euth  be  gieotci  than  10    is  37  foi  in 
itaoce  find  the  value  for  lo  an  I  toon  multiply  it  by  3  and  to  it  odd  too  value 
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A  TABLE 


IoJwdtJi6AbcnaUonqfa~P\Anctot  Comet  irt  fatiiudc 
2b  ht  Atctfuion  «  Decbnalton 


6V 

Distance  f  om  tl  c  Eaith    tint  of  the  Sun  be  ng  1O 

p-  § 

0    JL 

2 

3 

4 

6 

7 

8 

9 

10 

U  11 

Sec 

Sec 

Sec 

Sec 

Sec 

face 

Sec 

So 

Sec 

0      8 

0 

08 

1  1 

1  1 

1  6 

1  9 

22 

34 

271 

0    16 

1  1 

16 

23 

37 

9 

3  8 

1  3 

49 

41 

0    21 

1  6 

24 

33 

1  1 

4  9 

7 

6 

79 

8  12 

0    83 

22 

3d 

4  9 

4 

6 

70 

87 

J7 

1083 

0    40 

37 

4  1 

4 

68 

8  1 

0 

1O  B 

12 

13    S 

0    48 

S3 

49 

6 

8  1 

98 

11  4 

130 

14  3 

1C  24 

0      6 

38 

7 

7f 

9 

11  4 

130 

1     2 

17  1 

IB  J 

1      4 

43 

0 

87 

108 

130 

1     2 

178 

19 

21  re 

1    IP 

4  ) 

79 

98 

123 

146 

171 

19 

21  9 

3436 

1     20 

4 

8  1 

108 

13 

163 

190 

21  7 

244 

2707 

1     28 

00 

89 

119 

149 

179 

2O8 

33  8 

208 

2978 

1    3f 
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98 

130 

162 

19 

327 

26  O 

392 

3248 

1    44 

70 

106 

11  1 

176 

21  1 

216 

38  2^ 

31  7 

S     19 

1      2 

76 

11  4 

1    2 

190 

237 

96 

SO  3 

34  1 

37  )0 

S      0 

8  1 

132 

If  3 

20  3 

244 

284 

32 

S66 

10  n 

3      B 

87 

130 

173 

217 

260 

303 

947 

390 

49  91 

3    If 

03 

13  S 

18  1 

2JO 

276 

33 

36  8 

41  4 

tfO2 

3    34 

98 

146 

19 

24  1 

302 

31  1 

39  O 

439 

48  73 

3    S3 

109 

1    4 

206 

2    7 

909 

sro 

41  2 

463 

51  43 

3    40 

108 

163 

81  7 

37  1 

S3 

37  J 

43  9 

487 

4  14 

3    48 

11  4 

171 

3    8 

284 

341 

398 

40 

1  2 

6  8 

3      6 

11  9 

179 

238 

398 

3    7 

417 

178 

S  6 

9 

3      0 

132 

183 

24  1 

80 

36 

436 

487 

48 
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J34  ON  THE  ABE  B\  ION   OP  LIGHT 

Ex   Snpposotiodstaic   oficoietfo    Uio  eutl  lobe  49  and  it*  ippi 

jentmolon  nwloifllobe  a     i     inlo^Ujlo     to  find  tiit  -ibeuaUon  u 
longat  de 

E  te  witl  iiediBlnceiOinddilymotoifl  i  andwcLeL4  68  wb  d 
rnulbplelb74  iv  s  182  7  aulbyeatoh]  vitl  Uio  disUuco  9  we  ge 
IS  7  I  cnce  the  obeuation  IB  198  l 

To  educo  tiie  place  of  die  body  computed  fion  the  Hblos  to  tho 


f 

Uonofthebody  dwew   bul«^fr^  if  U  wcrffw    and  tbc  conUwy  to  ic 
duce  lie  ippaipnt  to  the  computed  place 


CHAP    XXIII 


ON  THE  PROJECTION  TOR  1HL  CONSTRUCTION  OI  SOLAH  LCJIPSE& 

At    88  As  the  cd  pi  c  is  mcl  necl  to  tl  e  eqi  aioi  and  cuts  it  u  two  oppo 
sto  points    the  tun  1  eeps  co  tmmlly    ppioicl   ig  t    ono  pole  ill  iccedi  j, 
t  01    ileotho   byt    ns   iid  thucfoiel  aspeclito  it  the  sun  the  poles  muat 
\\\   u  and  libappe     by  tu  n&     When  the  sun  IB  on  the  noith  sde  of  the 
cquitoi  tho  noith  pole  m  staipcn     ind  when  on  tlio    outl    side  the  south 
po]       When  the  sun  s  m  the  oq  itoi  tho  pU  10  of  llu  i  nition  u>  pc  pcndic  i 
1 1    to  tho  equ  ito      in  1  co  b  quently  the  }  oles  will  lie  in  tho    i  cu  i  feionce  of 
tho  c  icle  of  Hi  mmat  o  i    whnUcsuiconcstotle  tiopic   the  pol    will  ap 
poii  in  U  o  mi  kilo  of    ts  pxth  ove    tl  o  c  cl    of  1U    in  Uon     in  I  wl  en  ti  c 
BU  i  co  ncs  t    th   next  c }  mox  the  \  ol   w  11  apj  ci    on  the  otliei  side  of  tl  o 
ciiclo  of  UL  i   n  tioi     When  Ui   sin  gels    n  the  othei  aide  of  tlie  oquitoi 
th  8  pole  will  d  s  ppt  i    an  I  tlit  otl  c  A  ill  ippei  in  111  o  mnno       Uence  to 
i  Bpcelnto     t  the  sun  tl     \\\  i  nt  motion  of  tl  o  pole  1    s  the  sxme  *vs  if  the 
ixis  lp  of  U  o  e  utf  had  u  innn  il  eon  cal  motiou  PJ  Qy  pnqm  about  an  axis    116 
QOI  pcipcn  1  eul  u  to  tho  ecliptic  TOC   tho  an^lo  1  OCx  being  equal  to  the 
g  c  vtc  t  dec!  i  itiou  of  the  sun     As  the  e  cuclea  J  jQi  pnqm  oie  pai  illel  to 
the  cell}  Uc  then  pi  vnes  will  pou  tin  ou^h  tho  sun  ind  theief  le  to  a  bpectator 
At  tho  sun  the  ippa  ent  mot  on  of  U  o  polea  will  be  in  the  BUaitoht  linos  10.  pq 
vnd  v  J  me  ea  as  f  st  in  tl    e  ale  7  /Q*  w  th     ID  d  e?   n  tl  e  eel  ptic  if  P 
bo  tl  o  pi  ieo  of  tho  p  le  it  the  eq  MI  o     uid  we  t  il  o  tho  ne   /  o  equal  to  tho 
sun  B  (Latin  o  horn  tl  it  equinox     n  I  It  iw  vo  pcipon  1  culai  to  J  <3      will  b( 
the  ipj  u  nt  ]  1    a  t  f  the  polo  at  th  iL  time     It  is  m  mi  test  th  it  /  o  nay  bo  &ot 
off  upon  my  c   ele  dcicubc  1  oj  J  Q.     Uonce  ilio    the  onglo  which  0  c  nx  a 

0  o  m  vl  ea  with  tl  o  pi  m   ol  ilium  niUon  i  u  st  be  eqi  U  to  tl  e  deelinntion  of 
tl  e  sun     A  this  mpn  nt  not  01  of  tho  pole  ovei  t]  o  onl   1  tenod  h  c  of  th 

t  irtli  ib  c  lined  b}  the  mot  on  of  tho  cuth  u  its  o  bit   tl  o  motion  of  tl  e  pole 
ovc  the  1  se  \  ill  bo  in  i  dnecboi  conti  ly  to  tl  e  d  u  nul  motion  of  tl  e  dibc 
dlleefjeV  bo  the]oulion  of  tho  pole  at  the  vein  U  equinox  andPrQbe  ts 

1  oti  )i     \c   U  e  li  c  of  tho  c-uth  to  tl  c  next  equ  DOT  the  dm  nil  notion  of 
tl  c  I  c  vill  be  mide  n  tho  coiit  aiy  dnect  <n 

Jl  When  tho  sun  an  Icon&aq  lently  tl  ospcctito  who  is"  euppofcc  1  to  be  at  tho 
sun  IB  in  tho  equito  tho  speptitoi  being  in  the  pi  ino  of  the  equatoi  an  1  as 
to  sense  m  tho  plino  of  ill  tho  cucloB  piiillel  to  it  they  will  ill  ippcn  to  be 
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piojectedupontheci  ele   f  11  un  n  I   n    H        It  lines  pinllclto  oocl  oU  u 
ButTvhen  tl  e  s      01  I  conseqie  tly  tl  o  8p  ctito     is  out  of  tl  o  equatoi    UK 
equit      and  ill  U  e  c   clos  ]  v   11  1  t     t    bai  g  s  ei  obi  quely  w  U   ppcii  tc 
1  op  ojoctol   ito  oil]       up     thoil  i    of   llu  i  i  t        ls  tho  oyo  miy  b( 
co     do     I    t  an   nfi    t    di  tince    in  I  as  Lho  oyo  1   sUo  sii  e  icht  v     si 
ti  vUon  t     11  thcso  c  idea   the  0%  e     nu  I  be  ill  B  n  hi      When  tho  sun  i 
on  Uio  noith  B  do  of  the  cquatoi  Hut  p  il  oi  tho  ellipse  wl  id  is  Ui    p  ojcction 
of  that  pail  of  tho  eudo  which  lies  between  the  no  th  pole  ai  d  oq  lalo  on  UK 
onl  ghtened  hcmisphcie  will  bo  conca^  o  to  Uio  polo    but  whou  Iho  aim  is  on 
ric     the  othei  side  of  U  o  equitoi  that  pait  *  11  be  convex      II  it  n   1  t  P  bo  UK 
"7     no  tli  polo  on  the  cnhgl  tened  hamnpha     tho  sun  bem    on  Uio  noilh  sido  oJ 
tl  e  equ  it        nd  wy     v  In  the  ell  A  m  i  ito  wh  di  the  equatoi  tad  11  y  nn 
alldto  tuepiojcctel     tlicn  am/is  Uiil  loitof  Ui  clLpso  whidi  Ube  pkco  on 
tl  a  puillcl  de  c  1  u  m  the  dmj    md  tho  othei  put  Ina  n  that  whidi  »  dc 
Bciibed  in  the  m  It     md  Ihe  placo  n  at  m  at  IS  U  noon  ind  at  n  at  12  nt 
mdnight     InUi-jcaso   tl  e  othei  polo  p   iuaL  bo  conwdc  c  1   n  bcin    on  Uu 
oU  er  01  di  k  side  of  Uie  eoith     But  if  }  be  Bupposed  on  U  o  laik  udc   in  1 
consequently  p  on  the  li  ht  aide    01  if  the  sun  bq  on  the  south  side  oi  Hi 
no      equotoi   w  w  U  be  13  it  IOOD  and  m  will  bo  19  at  n  dn  ght     loi    f  I  p  bt 
118     theaxw  I  N  tiieplnno  upon  which  the  cucle  oft  a  tobepiojectcd    2  tho  sun 
on  Uatuele  ne\t  to  UIG  noilh  pdlo    Uion  dicing  Earn  In?    Uio  pomt  a 
IUBWC  ng  to  noon   the  sun  I  eii  fc  o  i  the  n  c  d  i     is  piojocL  d  at  m  id  tho 
10  U  b  inswcinb  to  mdnifeht  i  j  ojcctel  it  w    bnUJ  ci    the  su     a  )i    the 
othc     dcoifl/   nsattf  a  ^lojoclel  to  n  u  1  /  to  »   Uic    I  no  n  icju  souls 
no  n  u  I  w  iwdniju     Ou   ccounL  of  Uic  gicil  disliuco  of  iho  sun  comp  ut  1 
vitliU     i    li  s  of  UieciiUi  Uiolnos/ff  Ib  -ind  or  eb  nay  b    cons  leielas 
pi  allel  and  thpie/oio  the  c  iclo  ab  is  01  Uio    aph  enlly  i  ojoctod  upon  tho  i  lano 
^^mto  ui  ellipse  \\l\mc  mmoi  a\isis  mi  o  nn 

35    llio  noxtrtb  ng  to  be  done  is  lo  deto  n  mo  the  imgn  U  le  of  the  ollipso 
into  nhich  the  ciicle  ab  »  projocte  1   and  its  posiuon  upon  UIP  plane  of  ilium 
•»      niUoi      LotPp   op  oBenLUio  axi  oflhooutb  fl^aciclooJt  hltuloto  my 
place  JZNp&Q  neiidi-u  pissin    thiou  h  iho  sun   and  LON  Iho  piano  ui  on 
whicl  Uie  plOJo  tioi    s  mde    then  (  98)  Uie  aigle  702    a  cqi  U  to  d  e  sun  s 
ded    ntion      1  w  am  1m  w  peipendicul     to  JO    nd  (  31)  nmn  tlio  m  m  i 
aim  of  U  e  on  pso    let   s  be  tl  it  n  1  us  of  tho  cncle  ab  wh  ch  is  pii  llol  to  Uio 
plane  of  piojectio  i     i  d  L  will  be  p  ejected  into  a  1  no  equal  to  itedf  and  con 
requentiy  it  w  11  be  tho  TITJO  a\  &    1  ence  2«  01  3tw   01  2  cos   lat   n  tho 
m  joi  a  is  oi  thfl  eU^pse    but  irm  (U  e  pi  jection  of  at  upon  IN}     ab    91 
mat   01  POL  die  <!«       od  is    that   3    the  IXJB  mojo     axis  miioi     lad 
j  i  declination     And  to  find  tho  distance  Or  ffom  Uie  cent  i  of  p  ojoct  on  to 
tho  c  nter  of  tho  ell  pao   we  have    lad  =  1     cos   vOt  the  dec     tO     Or 
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=uOxcos  dec  =sn  lit  xcos  d  c     But  (  41)  lie    a  bus  of  the  piqjecton 
is  U    hoi  /ont  I  pinlliT  of  the  noon  hmin  she  I  by  the  h  u?out  1  pii  Uix  of 
tl    enn   the     hufltle  afo  elh  sc\i  e  sol  be  ig  mltiihol  by  tho  qu-utt 
•\?1  ose  vi  b  es  i    expicssedwhennlusis     i  pose  I  to  bo  in  ty  b  v  tl  o  aluein 
to  ms  oi  tli  it    uhus    hen  e  if  hoi  pi    <  —  ho    pi   o  =  A  then  A  x  ooa  Jal  s 
tho  s    i   IMS  m  joi  of  tl  o  ell  \  ae    /  x  cos  1  t      u    dee  =  tl  o  soi     ix  a  n  mm 
an  1  0)  z=  A  x  sin  hi     cos  d       II    s  -\     b  \c  gotten  tl  c  di   ens  ons  x  d  p  s 
t  o  i  of  ihe  cllii  se     le  ms  of  tl  o     1 1  B  ol  j  ojoet        Ilcn  ewobv  tlefll 
ing  const! net  on  fox  the  &\  patent  ell  \  se  dcae  bo  1 1  y  any  ilice  on  ih    01  U  s 
suit  ice  to      [  octitoi  it  ihe  si  n 

30   IoirC/7  lotl  illilfoflhoeitb  wl    b  is  Hum  nitcd  £GUophne      n& 
qJUeocbpUc    ( 01   pcipeilcilu  to    t    til     GQ=CrFeqi.'dto  the  sima     ISO 
yoil  si  dechmlion  -\o  i  Q.V  in  I   n  t  do  c  be  tl  e  ei   ciiclc  F-KQ  and  lal  o 
Vh  onul  to  the    uns  tb*lmce  floii  (lie  voinil    q   nox  coi  cspoi  dii  g  to  tho 
pole   t  V  ind  d  a\\  hi  pcipcnd   uluto  J  Q  1 1 1  2  (SS)ifltleplceofth 
pol    ^hich  m  o  will  bupi  oso  t(  1  e  o  i  tl  G  c  il  gl  te  ic  I  d  c  of  tiio    i  th     I  ul 
c:=c0    11    w  =  sin   76-  w=?its  tounc  toiiluaiiity    then 

le     cl       c     1 
cV     Of        t     l 


CK   (==/)         n     L  lonco  Ic=/     c    « 


Alo/xw=0t     hence   /    w    A    cxn    iid     U&  P0c==ac  x  tan 

5H 

H=04  11  08  xc     D     T  2  Op   and  upon  OP  til  o    O  =/*XSID    lit 
x     1    1(        d  I\A  /if  jc  |  tu bcul u  to  O.Z    ind  til  orfl=?fi  =  /(  xcos  1  t  ind 
9m=tJi=-A    (sit     si  i    let     i  1  d  senbo  in  olhpsomn^R    ind  (  3  )  it 
will  icpit    nl  the  ippi    Til  dimnilpilh  o{  theplieato    sjpectitoi  altliosun 
J      tit      vtn    1  clinilio)  (1  tho  sun     If  i  iiid    be  llfo  pouts  -nheio  tho 
ell  psc  t  nub  the  uuhCCJJ    UK  pnl    ami    ^  11(  SI)  bo  on  tl  o  lluimi  ited 
p  1 1  >I  tb    t  all     in  I  tl      loi    \   iblt  1 )     si  octiloi    t  tl  o  sun    u  I  tic.  put 
n    onll     dul  ]  \  I   7  U  n   llunilhpjlo    ind  U  c  un     decln  it   nnoll 
but  i/  the  d    hn  iti  )ii  b       itli    n    %ill  b    tl  o  i  lit   n  the  ill  un  natod     lo  ot 
Llicculb     iul    /mfftontl     lul  put     lotlhod    bnitio   be uo  th  11  1  a ibo 
w  st  lit  >1  th    1        tl  cnlof  nl^heio  tho  g  voiih  eon  the  eulhssa  fico 
n  il  n't  tir  c  \^e  mi>    Isa  t  tl  ill!    pi  ice  lo  c  ib  u    ticcucloA  1     1  ispo 
10  led  jnlo  tli    ellii  se  amln  Jno\e    iinifoimly  in  tl  it  e  elt   f  o  n  tho  nn  fo  i 
motion  of  ib     utli  iboi  t  its  a\i     let  tlioicfo  e  ayt  bo  p^i  clo    Uicn  if  ovo  y 
dm  it  b(  h  nun  si    I  in  the  nl  o  of  jt     mi   th   cielc-v  11  I  op  jeclcd  nto 
Iho  Ihpse  awb    tin  semiuiclo  nnytl  eiofoiciqiesuittbo  bilf  of  llie  diainil 
T  \  \ 
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mol  on  of  the  given  pi  ce  so  fu  as  H  IB  necessoiy  to  oblini  the  couespond  ng 
poailions  of  the  place  in  Iho  dlq  s      1  01  diu  lo  the  se  n  cuclc  ayb  nto  1    equ  il 
pat  fom<7  it?  8  9  10  11  12  1   2  3  I      0  icpetcntn    the  positions  of 
the    vei  pla  cfomaataixo  lo  k   ithonon  i    todats\  nthoeveung  and 
U  8ofi0t  as     11  epiCTciltlepomtonsofthogivenplicealllo  cspectivc  boms 
dm  olc  I  by  tJ  e  fl   ues    an  1  t  the  dotted  hnes  bo  diawn  peii  end   ulai  to  ab 
Hoc  i  osionlDgpontsdenotolbytiieBomoflgmcawll  opio&entll  o  positions 
of  the]  1  ico  in  the  ellipse    Ih  s  ellipse  maybe  voay  atci  atcly  descubed  by  limi 
Tiistuu    oocl  oidinate  of  toe  ci  clepoipendiculai  to  tb  mthe  aiao  of  p  to  mr 
by  tak  i  g  a  piopoi  mimboi  of  oidinat  B  and  then  dcec  ibin    a  cu  \e  Uiiou  h 
ill  tl  o  points    -M  1    f  ihcso  lin  a  be  cont  fined  t   the  othw  Ml  of  the  olhptc 
th   1   ub    utliciem    kc  1  w  U  cone  pond  to  th   pos  tons  of  the    ivenplice 
ff  ci  h  d  v    01  of  (he  emic  cle  bo  d  vi  le  1  into  10  equal  paiU   and  oiduiitoB 
bo  chaw  i  to    /    tho  ollipv.  will  bo  1  v  dcd  into  eveiy  &  x  m  nutes     ind  if  tho 
scale  bo  K  ge  uiou  h  au  1  thuo  divisiona  on  tho  ell  pao  be  subdivided  into  stx 
equal  p-uu  the  ellipse  will  bo  div  ded  nto  inmutea  ioi  there  will  be  no  occi 
yon  U>  u^o  the  c  do  foi  tl  is  lost  subdivision      Thus  wo  con  always  fhd  the 
ippa  ont  positioi  of  any  1  1  ico  on  tho  eaith  s  Biufaco  to    spectatoi  at  the  gun 

97   Dnw  llwanl  lldpeipendicuki  torj    than  n»=lirfi  the  sine  of 
1     to  the  lid  u  r  i     and  by  tiie  pimcaples    f  pojecfaon  yr    mr    jd    ntto 
the  efoi    -w  jd  is  tho  veiflcd  nne  of  1     to  tho    idius  yr  im>  must  b    the  vein 
ednneof   1      totloiidum     Icnco  if  AVO  til  elho  sne  and  vtised  BI  e  of 
l     to  -uljue  un  ty  ind  mult  ply  tho      nto  r  a  a  1  1    n  esj  ectively  U  ey  w  U 
gnothcvihies    f  n»  md  m    oil  f  ml  o  mult  pled  into  Uie  coyie  of  i« 
t   ivc&    c      JTlio  same  fo  11  j  otho    ingle 

38  By  Ait  3  0>=?t*  n  lit  x  cos  dec  andrfl=AXcos  lit 
he  ice  Of  ia  sin  lat  x  cm  doc  cos  Lit  consequently  Or  =na  * 
sin  hi  x  cos  lee  .  , 

*      ^olTu  -  -=tflx™  ^t  xcoa   dec  thciofoie  if  t  a,  and  cos   dec  bo 

constant  O,    vutos  OB  Ian  hi      Also  (  3  )   tho  radius  of  piojccbon  muat 
vaiy  nveisdy  aa  tho  cosine  of  the  htatude 

89   U^viug  late    iin  1  tho  situation  of  Uie  clhpao  fbi  any  one  latitudo  m 
lespcct  to  the  cc  itci  of  p  ojcct  on   is  lie  ellipses  foi  all  latitudes  no  sitiulu  jf 
the  IcchuaUon  bo     ,cu    ve  miy  n  alt  ,se  of  Ih    »  no  elhpse  foi  all  hi  tu  k 
yUleing^  napope     ito    Ib    (98)   f  ,  a  and  tho  decimation  i  e 
constant  9Q  v  uies  as  tfic  tangent  of  1  it  U  le     Uenco  take  1  0    rO  as 

UtUiwhcl  *«  P"^ton  ins  milo    tan  oniof^y 
bo  the  cento   of  p  ojecUon  whose  i  idu  *  is  (  88) 
vn     and  amW^  tho  cllpao  fo   U  itlutudo 

of  ««>  given  plico   andjon^O     than  the  onftle 

also 


or  SOIAR  ECLUSIU 

an  Ic  undei  which  oO  appeals  at  the  sun  nust  be  the  p  u  iUa\  n  iltitud  it  lha 
p  it  e  foi  Lho  sun  being  ve  U  al  to  0  U  o  lie  coi  cspond  ng  to  eO  s  the  zenith 
diblinco  of  the  sun  at  tho  givoi  phce  nd  eO  the  une  of  th  I  ic  f  om  the 
u  tuio  of  Lhc  ptojeclion  but  (l  4)  tl  e  1  01  pa  'Mix.  paiiHax  it  any  iltitud« 
ad  sma  of  tho  zenith  d  si  nco  OE  Oe  hence  f  OS  xop  esenl  U  a 
hoi  ontxl  poiallax  Oe  w  11  itpitso  t  tl  e  pi  allix  in  iltitudo  at  e  Also  as  e 

tpjcscnle  the  zenith   ftbegive    plac    eO   ep  oscnts  tho  ^eitcd  u  clejasa 
Jt  g  thiou  h  U  o  sun      PI  c  UBC  of  tl  s  p  oject   n  B  to  cousliuct  tl  e  phases  and 
tmiGB  of  a  sold  e  1  }se  IB  wo  B!  UL  n  w  pi  coc  1 1o  e\p]  x  n 

41    I  ot  S  bo  tho  centei  of  the  sun  AW  tl  e  enl  J  tencd  hem  sj  1  eie  of  tlie      rir 
o-utl    wh  ch  we  i mil  co i  evo  tobepe  ieidci.1  i  toSC     d  aw  SZ>    SF"taa 
gents  lo  two  oppoB  to  po  nta  of  tho  Q\  th    ind  let  tni  bn  bo  the  ippa  cnt  ell  pse 
(  36)  descubcd  by  uiy  point  m  o  i  tho  cuth  s  suif  ice     lot  OC  be  the  d  Bta  ico 
oi  the  moon  fiom  tlioouth  indwrf    mbn  be  the  p   jection  of  VD  amfnupon. 
apUno  it  tho  noon  pcipenbcih  lo  iSO  to  an  030  itS  a,\d.amb)  v  libc  the 
ippuonL  motion  of  the  ccntci  of  tho  su    it  S  to  tl  e  spectxtoi  deaciibmg  ambn 

11  e  cu  vo  ambn  may  bo  coneidc    \  \    ia  ellips      foi  tho  ingle  DSC  bem^ 
only  3      DS    CS  my  bo  c  1  onol  is  p  iUld    vid  theiofbie  tho  projection  of 
D  V  upon  a  pi  nc  \  u  illd  Lo  t  n  \y  be  considoi  cd  is  an  o  tbogi  aphic  pi  oj  oction 
diid  consequently  tho  two  nguics  m  y  n   11  cipccLa  bo  coiisidciod  u  sim  lai 
I  oL  J  AT  b   Uio  01  bit  of  the  moon    U  n  1  w   1 1  ow  it  any  timo  U  c  point  ol 
tho  ellipse  atnbn  whoio  ibc  Bpoctitoi  i    wo  know  tho  co  icsponding  \  01  it  whoiu 
UIL  ccntoi  of  the  sin  IB  in  Ue  ellipse  ambn     i/ihoiofoie  wo  doteimino  aL 
tlit  biino  tnno  Uo  poiitvhou  tlonoonia  i  its  oltrft  LM   we  shnll  1  now 
tlic  i[  pi  cnt  Bituition  oi  tho  moo     n  icspcct  to  tho  sun     Hence     f  TIO  find 
two  points   ono  in  tlio  ellipse  ami  i  whuo  the  cental  of  the  sun  is  and  ono 
thei  in  I AI  wheie  tlic  conic  ol  tho  moo  us  it  tl  o  s  unc  t  me     nd  about  thcso 
contc  H  with  lain  cnuil  to  Urn  ippuci  t  somidnmct  is  of  tl  L  sun  mdmoon  -\  c 
d  scubo  two  cncles  Uioy  will  iq  its  nt  tho  ppatont  s  tu  ihonb  of  tlie  t^o  discs 
If  Ui  it  ol  tliL  me  on  1U1  upon  the  s  in  it  show    howi  uch  the  B  in  is  eclipsed 
it  tli  Lnislml      Now  tlic  in{,lc  OFw=COK-OS/    tlidtis  thoudms  of  pio 
j  ction  is  equil  to  tho  duTioucc  of  tl  o  hoii/ontil  pi  ilh\cs  of  (Jic  mooi  and 

in  Ihtpcj  ctonOcofCci  the  puillnxm  olULude  of  tho  moon  f  oil  the 
sun  siii Pou  % Luc  moon  t°  h  it  U  Q s ime  ilutude  ib  tho  sun  ioi  tho  iidius  Ov 
icp  csonts  the  duTuoncoof  tic  lo  uontilpaioll  \esofUiesunandmoon  01  the 
hoii7  )ntil  pn  illix  of  the  moon  f  om  the  sun  <md  as  tl  e  p  u  dUx  of  e  ich  v  u  es 
(l  l)is  thobneofthe  ippaieit/omthd  stincc  tJio  liffcicncc  of  the  piialhxL* 

i  istviiy  is  tho  sine  of  tl  ei  common  appucnt/cnlh  dislince    honce  Qo   Oe 
diiluoncc  of  the  hoii/ontil  puollixcb    d  flcici  co  of  tlS6  pa  alla\os  at  thei 
common  ippiiont  altitude   thcicfoie  f  Of  lepioscnt  Uio  th  id  toim   Oe  -\vill  c 
piosontthofomUi    In-ui  echpeoof  theeunthciefoie  this  will  be  ne*uly  tiue  but 


OV   THE  PROJECTION  I  OR  BOLAB  ECL1PSTS 

noticcuiatelyao  except  A  1  c  i  tl  e  unmlmoon  ueitlhosimoiltitnle      JUo 
phce  of  the  pole   I  the  en  tli      he:     q  [  osed  t   be  fixe  I    lu  i     the  lime  of 
the  eclipae    ml  co  stq     itly  th    e  ilh       ipposed  to  ho  n  moveille  foi  lliot 
tin     th   s  n     le  ]     it  o       Use  &upi  )sc  1  to  he  co    I  nt  ioi  the  b         time 
bitu  tlcse     icmialuic     do  mt  til  c  phc     the  jiojcctol  jith  of  the  spec 
t  to   will  not  be  ocen  it  ly  ui  ellipc     M  d   h  Cu  ir  ol  e  \cs  tint  11  tlm 
piojcctaon  illtloeiioi    ins  n    fomthefimt    lutaiccs    I  the   im  ml  moon 
lie  upposed  to  ho  coi  pciia  ted  by  nil  n    tl  e scmidiimotci  ol  tli   piojoctiou 
eq  nl  to  the  diffi,  ouco  of  U  cu  hoi /mtil  pulhxcs    Mheicis  only  i  \  ut   I 
tho  lines  doull  ho   li   j  ihcl  n  Uit  iUo      1  he  sun    Ko  not  hem     it  m 
nfmte  1st  ICQ  tlie  p  ojoction  will  lot  be  in  iccmito  clliiwc     Th     phoiouli 
oolf  ueol  Uic  COIL!       il  o  ho  e  not  c  ns  loied     All  tl  osc  cueumsUnees 
ton  I  to  o   lo  the     ctl  o  1   f  lele  in    nt  U  e  ph  ses    I  in  echpq   by  this  eon 
eti  cfa  n  a  bjoct  to  i  coiti  n  dcgieo  of  n  uci  icy    bi  t  il  the  eomLiuct  on  1  e 
mido  ipon     laigoscile  H  \villb     ifflu  ntly  iceui  te  when  we  only  wiutto 
pi  diet  on  eclipse     Jf  S  b     i  fix  I  slu    the  sim    conbtiuction  \ull  gi\e  Lhe 
Umo  of  Ha  occultntio  i  by  the  moon     In  tli  s  qaso    q  Uio  flxed  stni  li  is  no  p  i 
iallu  tl  o  i-uhus  oi  i  lojectionis    qi  il  to  UiolidiizontU  puillix  of  the  moon 
This  pi  ejection  TVIS  Jiatgi  en  I  y  Mi  IIAMSILAD 

12   If  we  nalcthapiojecUonupoiaplono   it  the  oibit  oC  Vsnus  01  Af«; 
cwy  the  iidniB  ofpiojccijou  must  be  taken  oquil  to  the  d  Qeienco  of  the  lion 
zonUdpn  illvxoB  of  VenuB  oi  Meicuiy  md  tl  e  gun    and  by  pioccedm    is  foi 
the  m  on  wo  my  dctea  nmo  Uio  tj  ncs  ol  the  pi  BSCT  oi  the  t  ins  Ls  ol  Vemis 
ind  Moici  ly  ove    the  Bun  9  disc    but  this  is  best  done  by  c  ilcul  Uioi    is  will 
be  iftoiwaidsoxplflinacl 


CIIAP    \\IV 


ov  i  CIIPSI  3  oi  Tnr  su\  VND  MOCTS   \ND  occtu  r  UIOM>  01  n\n>  &i  VHS 

BY  IIIl  MOON 

At      13    AN  ccl  p  o  of  U  o  Moon  is  can  o  I  by  ts  cule   n     nto  tl  G  ci  tl  9 
sh  dow    ill  coi  scqi  ontly  t      1  1  I  i[  po     vl  e     tl  o        n  B       pj      t  o    to 
Iho  si  n          L  tlio  full  i  oon     A    eel  i  c  oi  tl     S  tn  s  c    sc  1  1  y  tl  c     tc  po 
ill  on  oi  the   nooi  betwcei  Uooitl     il      i      id  tl  e  ofo     t     i  tl   jpou 
wl       llio  noon        n  coi  j  ncl  on  w  th  tho  &un    OL  it  llio  new  i  oon     If  Iho 
pi   ic  )fthe  moons   ibit  co    c  led  -will  tie  pi    o  of  the  eel  pt  c    Uio  e  \\onld 
bo  in  eclipse   t  ovc  y  op])  siLi  n  and  conjunct  01    bi  t  ill    pi  nc  of  th     100 
oibitbun  incline  I  to  the  ecliptic  tloiec     be  10  c  li^se    toppo&to    oi  con 
jiu  ct  on     ml  t»    it  Hi  t  limo  tl  o  mooi   be  it        i  c    to  ll       )  le     1     let 
Altml  bo  tho  oib  t  oHh    noon    Alcmd  tleil  ne  o[  the  eaitl     oibit    o  Hit 
pluemwlil   U  o    u   S    S  ippt\    i  &       fionthecuQ    and  let  th  so  two 
planes  be  nclnul  Lo  eiel    U  t     so  U   Lwoi  \y  coiceno  thcjait  AIrm  tol  o 
aAotfl  Mem    uid  th   \  lit  w/AT  letoto  mdM    and  J/  m  no  the    odes     No\    f 
wl  en  llic  in  on  is  it  Af  U  t  siu  bo   i  c  ij   ictou  at  S    Uic  U   ec  b   1   B  \  e 
than    11  the  sxniL  pi  me   and  Uia  ioio  tlo  1001  must  i  ilcipOTO  botwccn  tho 
ci  tli   uid    un   and  cum  an  ccLpso  of  tl  o  sun      But  if  Uiemoonboat  11 
Tvbon  tl  c  sun  come*  into  conjunct  on  at  S    Al  as  now  olcvatcd  above  the  1  UP 
join  nfc  1  md  S     ind  the  unlhei  Al  ia  flom  M  tlic  110  o  devite  I  w  II  4/  ap 
peai  atovL  S    B)  tliat  M  may  bo  so  f  u  f  om  M  tl  at  tl  e  mooi  m  y  not  at  all 
inLciposc  between  /  and  S    m  wl  ich  case  tlicie  will  bo  no  eel  psc  of  tlio  sun 
Whothei  the  oioio  tl  ci   will   01  w  11  not  be  an  eel  pso  of  tl  e  un  at  U  o  con 
j  inctioii    depends  up  >n  tl  o  distance  of  the  moon  J  o  i  the  nodo    t  th  t  time 
If  Iho  moon  be  it  m  at  Llio  U  no  of  opposition    then  tl    tl  ice  bo  lie*  b   ng   i 
tlio  s  imc  pi  uu    llit  sh  ulow  P  7  of  tho  eai  Hi  mu  t  i  Ul  iq  01  th   n  oon  and  the 
noon  mislsuflu    n  oelipsc    But  if  Uic  moon  b   att»  at  diet  mo  of  oppos  ton 
twna)l    sofubol  wlheel    IOW.CD  of  the  ea  tli  that  the  mooi  m  y  wtj  i  a 
tl   oiifch  it   m  which  c*o  tlcio  w  11  be  no  eclisc     "Whethe   Uieiefoic  UCL 
w  11  be  v  Inniu  ochpse  at  tho  t  mo  oi  oppos  t  on    dopondu  ipon  Uie  d   tanco  of 
tho  moon  Aom  tlio  nodo  it  that  Umc    II  tlio  two  pi  mca  co  nadcd  tl  e  o  \  uid 
evidently  be  a  contiahntcipos  lion  eveiy  conjunction  v  id  oppo  toi     Tile  ise 
quenUy  a  tot  1  ochpso    Mrroa   ^hohol  iboit  ISOjei  flboio  o  Cnusi   ob 
seivod   thatafta  ]9  yoais  tlio  new  and  fill  moonaietu  nelofcin  on  tl  e     m 
lay  of  tho  month     Tho  ancient  Afltioi  omciB  also  obsc  ^  c  I  th  it  at  fce  end  of 
18  yctus  10  d*ys  a  pejjod  of  223  lunations  theu  was  aieiuin  of  thefame 


OK  AH  TCLIPSE  01    1HT  MOON 


eel  j  <OT    in  I  bonce  they  MO  e  ci  oblod  to  fbiotel  Mhen  Uicy  *ould  happen 
Ui0n°  lt  lUU   J  b  JI  C]    13 


i  r  i    TT 

J       IV  a    a      II  sicitutonoi  ccljsci  depot  Is  upon  tlio  icti  i   of  the 
&1I»'      d    lontsto  tics,   (  iwe-l    Uie  ,  ,     lhco     a    riomoons 
1  1  ice     *    Iho  place  of  tho  moon      poet     4    Fh    ill  e  cfihe  wcondina 
uxle  of  11  o  i  oon     Iho  oxicl  wlilulion  of  these  cm  nmex  til    1  1  Co    but  it 
so  ntn  1>  hippoxn  m  tho  ibcnc  tin     as  to  pioduce  ochi&cs  o  n  1  ibly  co   M 
ponling     In  ll  IB  man  ci  Dz    Uui  Y  picdclcd  and  published  i  otui  i  of 
eel  pscs  Aom  1700  to  1718    unn>  of  thorn  canceled  fo    obwuval  )n      lone 
thoi  widi  tho  ibllowmg  oloincnls  —  i   1  1  e  q  p  i  enl  hmo  of  the  m  Idle    2   Ao 
sunsuonlj      g    11  o  nnnual  T  gumenl     4   Iho  mooislittulo     IIo   a3i 
flit  nthsiewlo£Sfl8liniton   ti    10  tie  18  jeus  10  01  11  d  j   (  ceo  1  ID 
isltaoot  Meo    /oui  1CJ]  y  ai  )  7//   43       tJ  it  i  *e  idl  ihn  Lime  to  OIL 
m  Hloof   an>     dpscolst  vd    wo  tl  llhivoUic  clujn  of   v  co  lobpondujr 
ouo  coil  unl>  wHJun  I//  w    and  U,  it  by  tho  1  oJp  of  a  few  equations   WC  imy 
itnd  tlio  like  sonos  of  eohpses  foi  BOVOI  il  pciiods 

To  cakulato  an  J  clipse  qf  Uie  Moon 

44    Tho  Hut  ihmis  to  I  o  done  IB  to  find  Uie  time  of  Ui   mean  opposition 

To  gawhth    f  om  the  1  iblos  of  I  p  cts     an)ngsttho  1  iblcs  of  the  noons 

motion    tilt  out  tliocpictfo.  Uioj  ai    i  lincuLh   iilsubtictll     su  i  fioin 

29d   12A    U    •?    oncsjnoche  u  olut  on  c  1  tlio  moon    o  tw    f  ncctwny   so 

lint  tho  lununlti  miy  boltsBilmu  iiovolulion   uililiilieu  nlci     vo?  tho 

tinioofthoniovncou)unction     IlDfJusv    illll/iB/     ^   i   i  hiU  uo\o 

lution   it  gives  Iho  tune  of  Uio  noMroum  opposlion    01  if  MO  subt  vet   it 

tt  ts  Iho  Umo  of  Uio  piecoding  me  m  opposition    If  it  bo  lo  ip  yc  i    in  Tanua  v 

andlobiuaiy  snbUitt  i  dvy  iiom  tho  sum  of  tho  cpicli   holote  you  nnl  e  the 

subtia  li)n      When  the  d  ly  of  tho  moan  conjunction  is  0  it  denotes  Iho  I  ist 

hy  of  Iho  pice  d  ng  month 


ON  AN  ECLIPfln  OF   THE   MOON 

£x  To  find  iho  time  of  the  mean  new  and  full  moon*  in  Pabruary    179 

rpact!79  9    11      6    17 

rebiuoiy  l    11    1        7 


10  23  22  14 

29  13  44  S 

Mean  new  moon                     18  14  SI  49 

Id  18  22  1 


Mean  fall  moon  3    19     9   47 


4      To  detcimme  whelhei  in  eclipse  may  h  vppon  at  opposition    find  the 
n  longilu  le  of  tho  oaith  at  tl  o  L  me  of  mean  oppo  t  on    and  also  tho  longi 
ti  do  of  the  moon  a  nod      then   BCCO  d  ig  t    M  CxasiNi   if  tho  difleici  co  be 
tween  the  mea  i  longitudes  oi  the  ca  U   and  tho  noon  B  node  be  leas  th  m  7 
SO    thoiewHMfbe  in  odipw     f  it  be  gioatoi  thin  14    SO    thcio  c&tmot  be  an 
odipw    but  between  7    30  and  14    JO  thoio  may  01  may  not  bo  an  echpBQ 
M   1   LAMDHT  makes  these  hmita  7    47  and  13    21 

Ex    To  find  whetliei  ihue  will  bo  an  eclipee  at  tho  fUH  moott  on  Februwy 
S    179 

Sun  B  moon  long  at  S    10    59  47  6(548}    10    is   27    SO  8 

Moan  long  of  the  earth  4   13  27    20  a 

Long  of  tho  moon  a  node  4     8     l    48  J 


Diflbionto  0     5  a     S3  3 


Hence  thcie  must  be  an  eclipse 

Examine  thus  all  tho  new  and  full  moons  foi  a  month  befbie  ind  a  month  of 
tei  tiie  t  mo  it  wh  ch  tho  sun  comes  to  the  pi  ice  of  tho  nodeaof  the  luuai  oibit 
-vi  d  you  will  bo  suie  not  to  miss  any  eclipses  Oi  hayin^  the  eclipses  foi  the 
1-wtlBycis  if  you  a  1 1  to  tho  bmes  of  the  middle  of  these  eclipses  18y  IQd 
o  nrf  7/»  49  ^  it  will  give  tho  times  when  you  may  expect  the  ochpsoswiU 
roluin  2 


3ii  ON  AM  icjii  r  or  mz 

4i     lotliot    o  of  mean opposit on    co   pile    the  tiuo  Ion  ilul  s  of  th 
wu   md    001      nl  ll      n  ens  t  uc  httul       nd  fi  d    fion  tlio  1  WOT  of 
tl  c  i  u  uon    tl  o  1      113  i  ol  01  s  oi  the  sun  u  1  i   o      i   lo  £,  tn  Ic  mid  il 
1  ff        co  (d)  <f  U  ci     ho  a  y  inoti  n    is  the    chlivo  h  1017  motion     f  the 
n     i     i  c  p    I  to  U  e  s  m  01  tl  e  notion  \ull  wlucl  U  e  n  oon  ip^  to  cl  es  to 

0  ct  It  I  o  i  tl  c  sun    hi  1  also  tha  n  oou  s  I  oi  \iy  n  oUoi  u  1  i  Hide     in  I 
suiposoit  tiio  tamo  (/)  of  mean  o]  posit  o      the  nooi  s    t  the  1  t  n      (») 
lion    oppoaiUou    tiion  d    IN    1  hou      the  in  e(tt)lctwcen  /  ml  tiio  op 
po-ut  on  wl  ich  id  lul  to  o   uibl  act  d  i  om  tho  fane  /  i  co  d  n    is  U  o  moon 
IB  ml  jot   ot  nto  oppo*Uon  oi  IB  be  yon  1  it      vos  Uio  time  oi  tlio  ecliptic 
opposite  i 

17    lo  fin  1  Uio  }  hco  of  U  o  moon   i  opposition    let  n  bo  the    icon  B  1  o 
ill)   lot  on  ml      aide    then    1  ho        t     n    the  ncieic  oi  the  moon 

1  >nftilu  le  n  tl  o  I    u  »  Mhicl  npph  d  to  tl  e    icon  s  Ion    t  ide  it  the  t  DI    o£ 
tho  mem  oipc  siUon  g  vcs  tho  tine  longiLu  U  of  U  e  1100 1   it  tl  o  t  no  of  th 
ochpt  c  opposition      Iho  opiws  te  to  U  at  must  be  the  Uue  Ion    tude  of  the 
sun      I  md  ilso  tlio  moon  s  Uuo  UUtudo  at  the  t  me  of  oppo  t  on  ly   \y  u 

1  houi      o    tlio  hoi  i  y  motion  in  htitude    tl  e  raoUoi  i  latitude  n  il  e  t  n 
a   wl  ich  ippho  1  to  tl  c  moon    htitude  at  the  tirno  of  tl  e  moan^i  1  ™  t  on 
gi\  es  the  tiuo  latitude  at  Uio  limo  of  the  tii  o  opposition  1      In  1 1  o    nnnei  ^  )  i 
may  compute  Uie  U^ie  time  of  the  ecliptic  cottju  ct  on  and  the  places  ol  the 
sun  vud  noon  foi  tl  it  tn  10  ^hcn  3  ou  c  Uculate  i  soh  eel  psc 

48    M  tli  tl  osuns  lo  \  >  loUonmloi    tudo  iiltlei  001  s  in  Ion    tudc 
indhlitude  fa  I  tie    iclmition  of  tho  tcl  five  o  b  t    \   1  the  In  uy  i  ct  on 
IJC       npoi  t      1)  do  tins  let  7JI/bo  Uieh       >  i  ot  01  of  tl  e  no   inbn  iti  Ic 
1 2  j      S  M  tli  it  of  U  o  sun     di  i\\  Ala  pe  pondici  h  t   /  A/"  md  oqml  t    tlio  moon  s 
homy  motion  m  Utilnd      tile  %=Affl  md  puillolto  1    indjon//  // 
then  Jaw  Uie  moon  s  true  oibil   md  Jf  itoiolatoe  o  bit  n  ospoet  to  the  sun 
Hcneo   *S(tliediff  lence of  thoholaiy  notioi sin  longitude)     Si  (the  loon 
hoiuy  moton  mhtiluk.)    lulus    tu    bf  S  tlio  inchnit  on  of  tlio   eliU^eoi 
bit     md  cos    Ifb     mini      IS    Ib  tho  Imuy  motion  m  the  id  One  oibit 
By  Lo0authm9  iho  eilcuht  ons  uo  tliu 

U         lM     f   1         ill       It  I       tM     1        U     I  t   d    l       l    U     lb          il    tl     \ 

I  T     B     t         I     ly  J          \        1   I       &     f       U     1  II    ll    j  1         f  u  1 

1  flto7b      L         Uy        n     t          1    I  i     1  Hj      y      ib   U  ll  ]       t   i 

d  l  »f      l>      l    III      prt          II  yl  IP         L         lly 

y  t  u  i  ti  m        tb  1 1   dd  t    i  f,   a  ill         u 

10   u    f    a  p  i  n        r     a  j  u        ayv   t  u    u  i  i  i        r     a 

1       i  *t  i    ti    e  f       i  i    u    f       3g   i        >i  i    d  a     i    i 
> 


OH  AH  XOLIPSB   OF  THE    HOOV  3+g 


Log    S&+10  -log  JOSslog  ton  bL8 
Log  ZS+10  -log  cos 


M  de  la  LANDB  observes  that  ifwe  add  8  to  the  difference  of  the  I  orary  mo 
tions  in  longitude  it  -will  give  the  horuy  motion,  m  the  relative  orbit    for   n 
a    ght  angled  triangle  of  which  the  base  is  tl  e  difference  of  the  hora  7  mo 
toons  in  longitude  which  u  about  half  a  degree    and  the  angle  at  the  base 
about    }    the  difleionce  between  the  base  and  1  ypothenuse  will  always  be 
ibout  8 

49   At  tl  o  time  of  opposition  find  flom  the  Tables  U  e  moon  a  1  onzontal 
paiillax  its  Bemidiametei  and  the  Bemidiameter  of  the  sun  the  houzontal  pa 
ralhx  of  wl  ich  we  may  heie  take  =9 

0  To  find  the  senudiamete  of  the  eaiUi  s  shadow  at  die  moon  seen  fiom 
Iheo'utl      Let  AB  be  the  diameter  of  the  sun   TR  the  diamete   of  the  e  tit       no 
0  and  6  then  centeis    dzaw  AT.   SR  to  meet  at  I  and  join  OCX    let  J1GUI     la4 
be  the  dnmetei  of  the  earth  s  fihadow  al  the  distance  of  the  moon  and  join  O  T 

Or    Now  the  inglo  rOQ=CTA-CIA   but  CIA^QTA-ZOC    theiefore 
rCG=C!A-OrA  +  IOC  tha  is    the  m  It  wider  w&c/i  ttc  stmtdiameter  of 
the  eatthfsJadow  at  the  moon  appears  it  equal  to  tiie  sum  of  ike  harixontalpa 
t  j&wtfA  of  the  swi  and  moon  dttitnuJicd  by  ike  apparent  semukameter  qf  the  sun 
In  eclipses  of  tlio  moon  thoshidow  is  found  to  be  a  little  "le-vloi  than  thn 
Rulo  gives  it  owing  to  the  aLmosphoie  of  Uie  earth     Thu  augmentation  of 
the  seraidi  meter  is  according  to  M  CAMINT  80     according  to  M  MONNIBE 
00     and  iccoiding  to  M   de  la  HIRE  60      MAYDR  thinks  the  correction 

IB  about  —  of  the  umidiameter  of  the  shadow    01  that  you  may  add  as  many 

seconds  as  the  somuhameUi  contains  minutes     Some  Computers  always  add 
0  ,  but  tins  must  bo  autycct  to  some  inceitmnty 

1  As  the  angle  Cir  (=OTA  -  IOC)  is  known  we  have  am  IXC    coa 
HC    1C    CI  tho  length  of  the  oaiths  shadow     Ifwe  take  the  angle*  .4/U 
ralO  s  Uio  mean  scmidiameter  of  tho  sun    IOC**8   tlia  hoiiaontol  parallax 
of  tho  sun  wo  havo  C//-1      4  (  hence  am  15     4     ooa   1     44    01  l 
J16  1     1C    67=916  9  1C 

fl  I  et  PQ  ropresont  tlie  section  of  tho  earth  a  shadow  at  the  moon  CN 
tlio  oohpUc  NT  tlie  moon  s  oibiL  \  diaw  Cn  perpeodiouUu  to  CN  and  Om 
poiptndiculai  to  NL  and  lei  the  moon  at  m  juat  touch  the  earth  a  shadow  al  i 
axtQinally  so  tlmt  Cm  may  be  tho  sum  of  the  iadu  of  the  moon  and  earth  a 
shadow  (  then  to  deteiniin*  when  this  happens  we  may  take  the  angle  at  Nu 
17  which  is  very  neuly  its  value  in  all  eahpaoi  the  inclination  of  the  luntf 
orbtt  being  at  that  time  always  gieateat  ai  will  aftoiwaida  bo  ihowu  j  hcnoo 


0V  AN  M1IMB  OF  TJtt   KOOff 


ne  5    17    iid        n  Cn      m  CN    now  the  g  eatest  vali     of  Cm   s  ibout 

1     3    30     leico  thacoi    spo  i  ling  value  of  CN=l  l     84     \hontle   fine 

6JV  i    git  te  Hi  in  tl   t  q  i  ility  ll  eae  c  n  be  no  eel  pae     A  co  ling  to  M 

CA   IN     f  tli   hlitu  lo  Cn  of.  Iho  jnoon  at  tl  e  Urn    of  the  ecliptic  conjunct  ofl 

ejctoed  the  aui  i  of  tho  scmid  imetois  of  U  e  eaiUi  b  shadow  oad  moo  l  b)  18  , 

thue  will  bo  nc  eclipse    but  if*  lo  not  exceed  that  sum  by  13  ,  theie  will  bo 

an  eel  pse     If  Cm  =  Ct  -  »m  01  the  bmb   touch  inleinally  tl  e  eel  pt*  will  b& 

juBltot-U     htnoo    f  thodi  tincoof  the  moons  no  lefiomtkejhccol  the  eaith- 

bele«th  n  the  conputodvUioof  t  .Win  this  cose  tbcie  nuatbc  itoUl  cclipw- 

of  wmo  diua^on     If  Ihoiefore  it  wi*  befoit  loultinl  and  it  now  npi  oo  B  U  it 

theio  w  U  be  iti  eel  pso  p  occc  t  u  follows  (o  co  nj  uts  it 

rro  9   JeL^yj?bothithil£of  Ho  ei  d     sliilo     vhwa  tl  o  moon  PUB<W 

I  C  tlnon^li  NI  Iho  i  htivo  o  bit  of  the  mr  n  one  fl  jt  e  ep  Mtfiting  i  pub  1 
"  eclipse  md  tho  othc  i  U  til  ic  )  di  iw  Co  r  po  pcndioul  to  AT  11  1  lflt  s  b* 
tho  centei  of  Ihc  moo  i  it  tho  bog  nn  n^  of  tl  e  colip  o  m  it  tl  c  iurt  lit,  A  at 
the  en  1  v  at  the  begu  mug  of  tol  U  I  nl  ness  n.  at  tl  o  end  ilao  lot  A  R  he  the 
ecliptic  anlOipependcul-utoit  Now  in  the  iiftht  w^Ied  tiut^le  Own  we 
Jfnow  Cn  tho  htiludecftiic  moon  vl  tlm  timo  »f  the  ecliptic  coronation  ind 
C  18)  Iho  anglo  Cmn.  Uic  complo  11  nt  oi  the  mglo  wh  ch  tho  lolabye  o  b  L  of 
the  moon  nvikos  Milh  tl  •  etliptic  hence  ladiw  cos  (,«m  n\nm  whrcfc 
we  cull  the  fcducton  and  r  diua  une  C/tw  Ci  On-  By 
calculation*  me  thuff 

Lot?  cos  Cam  i-lo     6n-lO 
Lo     s 


71  o  hoiiiy  mot  on  (7)  of  tho  noon  ipon  its  chlive  o  hit  be  n  1  nown  we 
kn^wthcUraooi  dosciibiu  mn  byeiylnB  A  nn  i  *OT^  y,.  //^  /-^ 
cnlw*  urn  the  compulalon  of  this  i  most  icidify  peifciticl  ly  lo  lief 
IO&D  lUiTis  Tldnc  1  turning  tho  trmo  of  the  cclptic  co  jiraciion  i(  n  wo 
kno  v  the  Hi  10  of  tho  mtdll  of  rti*  ocl  pso  it  m  Next  n  Uic  ^ht  md  d 
hi  ingle  fffi  wdknowCft  and  CrUlo  umofthmer  la  etc  irf  tl  p  di  th  s 
sh  ulow  and  ihtr  «  xm  id  /In  I  w*  ^hicFi  ^  I  tie  tins  lyL>gii  il  m  \  m  — 

c  -(»  tlcfe   0M=        '"  '       u 


H(Wce  tho  ho  uy  m  (ion  of  tl  ti  i  ooi  bo  n    I  nown  -v  e  k  ow  tl  o  tine  of   le 
m  which  subb  acted  born  tho  t    e 


i   id'f   f<  u*  -tf    ^C       tb 

ar 


OH  AK  16LIPBK   OF  TUT   MOON  1+7 

an  I  added  gives  tl  c  tame  of  the  end  In  the  same  mannei  in  tlio  ii^ht  angle  1 
fa  in  lo  Ctm  wo  kiow  Cm  and  Co  the  diflueice  of  tl  c  soi  li  mote  ol 
the  tl  la  low  i  id  i  oon  henco  I  y  Logaiitl  s  the  loto  fjm^ 

xl      6'   H  i  WH  to     C  -Urn,  f  m  whence  IB  bofo  e    we  1  now  the  lime  of 
de     ibu   nn   \hihsitlttacledfo    tie  tine  at »  g  ves  the  time  of  the  b  4,111 
n  i    of  tottf  (HJ  noes,  vid  fd&rf  gives  the  tune  of  tU  end      JThc.  niafimUi  lo 
of  U  o  ccl  pso  U  the  n  i  Idlp  p  lepioaenfced  by  /     which  IB  dip  g  cutest  tislinco 
of  tliv  moon  \  iihiq  ihe  eailh  e  il  vJow  -v  d  thi?  «  measy  e  1  m  leijns  of  the  U 
iractei  Qf  t])(,  pjc  on  001   <*  p4  U>  tto  d|\i  led  into  1    cqu  I  pv  U  cillcl 
o  la  Ik  IJci  U    to  f    I  win  h    ^e  Hp.ow  Cm  Uie  difl  icncfl  bet  >cen  wh 
iUO    ivegyj    \luch  vddtdtow/  oijlmiUlptf'pi  flw sh ulow ^il  c llip  Jfl 
pncf  br tauu   p/  intj  f  j/  ai)  I  wp  gQt  it  f  h  nee    tp  fvd  tJi?  i  u  nbc(  of 
ccl/i>v?(l  917  n  (    1)     f  (/^»/^,  oj  06Q  ( t  ^eipff  VPUR!  t»  P>ifle  a  digi*  mto  (Q 
oquil  i  ul     nd  cill  tliein  minnloa )    t/edt  it  eclipsed     If  the  lit  lude  of  the 
jp  on  bo  notll);  wq  u$e  the  «^pc/  semjc  ^clo    rf  south  w?  til  o  tli    I  **>& 

;    H  the  Q  i  ft  hajdno  alflQjoqJwie  when  the  n  001    va^  totiUy  cclipacd  it 
Mould  1     nvi  iblo    but  wp  l^\vo  s]iqwu  (5401)  tint-  l?y  tl    id>  wtioi  of  UIQ  al 
njoiplwn  ''Omc  nya  wijJ  be  b^oufcbt,  l^>  i  U  p?  tbo  roopn  3  tuif  uic  upon  wbivfc 
ocppunl,  the  moon  ^ijl  bp  \isjblo  'U  that  Vmo  and  ippoai  ot  v  dii,gl  y  ied  cojoiu 
W  W^nip^ATwj  /«*  -(cflc?  ^asjhwQbqwve^  thii  »  gtncul  tboQiiths 
umb  i  at  i  cc  la  n  listimcc  i  d  v  le  I  by  \  k  nd  ot  pcnui  bi      ixom  U»p  itAac, 
tionof  lU   xLmo  phoi       Ihu  w  11  nccouiLi)   the  t  icurattinco  of  the  moon 
bunt  moic  vmblo  in  epmp  tQt-U  ec^pses  tli  m  in  oUigjfl     It  IB  Biidthittht, 
moon  mill   total  oclH^eain  160]   \6  oipdl6IJJ  enUie.ly  disxppe  ied 

An  cclip  o  oftliQ  nioon  u  bin     f  om  its  101!  dopnvation  of  li»l  t   it 
mull  ippc  u  to  bt  in  *t  ftc  t-me  jiwt  fflj.  oi  (.u^e  to  evety  nhce  on  that  henu 
sphcie  of  tlu  coill   ffhicbtf  K\ttho  moon     Uenco  it  iflbids  a  veiy  eidy 
mLtlixlof  fndin    the  bftoionce  of  longitudes  oi  plicea  upon  the  e*uth    as 
willbonilciwiro^oxnliHiQ^     fhomoonenteiB  fhepenunife'V  of  theeaithbe 
fo  o  t  comos  to  tlio  u  nbi  \    and  thoiofbio  it  giaduilly  loses   ts  light     and  tlie 
p«nunitn  \  M>  SQ  f^^k  jiwt  |t  rt^  um^0|  4  it  if  u.  b$W&  to 
time  when  the  moon  B  hmb  touches  the  umb  t    01  when  the  eclipse 
moqu,  his  cnfeoif  4  WtO  ft»  P  J*»P  ^*  M>  ^Qff  upo  i  jtp  <^flp  i 
defined  afl4  yftu  p>iy  dp^fnjno  to  i  wmA*$A9  4w«  ef 
when  ->fly  spot  en^tf  ijiM>  l|li^iun?h*ft     J^O/Wi  ft0 1>%  nj^ng 
of  (i  hm*  ^ip^^c  npt  qo  nropgi  1,9 
t  DOS  at  which  the  umbra  touches  any  o/  the. 


3f8  ON  AK  J*CIirU    01    7111   HOOK 


I  \\Mll  I    I 

H  tn/wttfmn  /  t  I  ntnl  Itlj      /  iff  ^f^  n    n  I  hi  t  /  I   i    i      / 
tht   Alt  lid  i   /  th?  I    i  /  f  j/v  M  //    7  lt  {     r     i  h 

Hit  dm   o!  ih   mtAii  Jiilhn   misni  i/  i  h     \   +1  i  \\  \n     H 
Hy  Art     *    n  dpi  i  ir  tlul  Hi  n  t  ,||  |K  UI , ,  1,^ 

liycnmpuinbnn  (  M)  Un  in  m  lum  of  ilu  *  hp|U  ,,  i  n  ttt  ,  / 
W  l«  Irom  which  Buhlrau  tin  (qimiun  ,(  tun  U  d  Wll|  s  |4V  ,  ; 
M  H  llu  nppnnnf  him  m  C  rtcnvi  h 


Ihi    mm  i  mpiih  (   «)  Hi   ,,.>,.,    plmtmlh     chpiu    *n  I  iv,,m 

"  '  ]    '    7  llu  '  « 


cMlu    in.     (    nipult  nl     tlu  1  1  MI    lunil    t      u.  I  u    ill  !i   f  ui  I  I     n 
N  nst  tilling 

Ik  Irthl      ih   hour)  m  dm  d  i|(l   ,„    n  «,  |  1  1  ,  |    ,  t, 

molinu  of  the  mm  in      i     and  <  (  ihi  m  H  n  1      i  m  Jdntniu  I      h  , 

no  "inlimi  of  Uii  mtui  ir  m  (h    mn  .11  Inngitud*  H  ^    i  „ 

qucml)  (  m)  ilu  h  rarv  im  In  n  0\  ih   nmon  Irani  ihi  min  mi  A*  nUiv  rl  a 

IBW   M1    nlw  iht  imlmahonalih*  ulttlivi  orbit  j*      41    9        flu  r  Iu 

Wl1  * 


I    f»  i 

it   MU 

I 


lima  (I   h  uiil  mg   m     o  hti 


llu  nur»Lapprmch(m  rf  lltpt  nlir 


Irom  UA  11     H  Hubina  f    n  ami  u  |t  H<  u*    J4    m  fl 
oftlu  crlipnc 

Bylhc  IdliUi  ih    luri/iiunl  prill  re    (  ilu  mm  n  o    i    ,,1  f  ih 

(178)50  m     alw   ilu  njpumiM  inHliiimirrrl  ilu  unni    ir  u 


thamoon  15      *     H  w,  h,  ,mr    Mh«  pur  m,iiq, 

o41   IB   tho«raidinm(tcr(5<0    f  Uiu  twth  «  H|IW|OI   m  rwwil  I  v    a 
llonco  by  Article  M  ) 


OH  AN  ncXJFBE  OF  THE  MOON 

Semid  <  +  Bomid  9  s  shod    6   97  =  9S97 
Neuestapp  ofcenleia         37  28  =  3248 

&um  564   -log  3  7  1694 

Diflbience  1140  -log  8O6O33O 


349 


2)8811984 
Lo     of  2  46  8  =  49  26  8  mot  of  half  duiitton  8405903 


Reduce  this  into  time  by  the  log  Bfcc  Logarithms 

29   4  03O47 

42   27  01  OS 


1A  2     97  1  alf  1  uibon  0  84  6 


Sibtiict  this  fiom  and  add  it  to  12ft  24  26   anlwegctlOA     8   40  for  the 
Be  ttttwi     ind  ISA     03  foi  the  Lnd 

I\omO=4)    19    sul)Uact  On =37   £8     and  we  got  w»=9  4       hence 
(    3)  tw  +»n/=t/=l9   9  the  ports  deiiaent    consequently  1     24     19  0 
Qd  or  360     7<?  97  36  the  digits  eclipsed 

By  logistic  Logaiithme  the  computation  IB  thus 

19      9  log    hi  1496O 

1      24  0    906 


7     27  36  09054 


Heftce  the  times  of  this  eolipse  are  Pebiuaiy  9  170    the 

Beginning  at  10     8  49  ^ 

Middle  13   24  89  S-apparent  tune  it  Gieeimch 

End  IS     0     9  ) 

Duiation  2      1    12 

Digits  eclipsed  7   27  36  on  the  moon  9  south  limb  a?  repre 

sentodinljg  126  which  was  conita uctedfoi  this  ochpso 

6 


EXAMPLE  II 


the  l  omo  an   you  gel 


the  mto, 
B/thelibJcs  thoIioiuy 


'c   JD  oaqi8 

^ 


O  ^J  iimo  of  doscubm   am 


-Hie  jiescst  appioach  On  of  U  o  oontos  is  4 


-8  ^^Pvcs  1M    26      7  for  the  MMU  of  the 


By  tho  **  S  of 


Heikce  by  Avtael* 


Off  Att  WZJffftD  AT  TOE  UOHt 


S  mid  «  +ftfflid  6  *al  ad     9     7  =3  &l 
No-uest  4i     df  the  centeis    4     4  =  394 


Sun  flddl-f&*  3  "80O613 

Diffoience  33O3-log  3    189086 


Log  of*  3  6    =£9   4     mot  Of  naif  duration 


Reduce  Us    nlo  t  me  by  the  log  at  c  I  o   uilhms    bi  t  bocauW 
te  T)  in  ih  4  c  i  e  would  co  ne  out  a  t  eit     qu  utity  tl   n  tl  at  to  wli  ch  the 
T  bio  e\tondfe  we  wiU  tikt  the  hilf  offiQ    4      afid  tlldfk  I   iblo  tho  con 
clu  ion 

S3    40  C2B1B 

29      2  J  0  SOS85 


4 


ITonce  I//  49    11  10  flhe  hill  dUVfeton     which  ttAtiaitfld  ftdiri  riH4  addod 
to  16/   20     7    gvaa  H/l  fl1?   id   jfo    the  ^f  fnrn^    and  ISA   14    ti  lo  tko 

Liid 
By  Uio  sai  10  Article  wo  find  tho  timo  of  JvUf  the  dunttonr-of 

thus 

Scm  1  e  1  d  «d  -«rrad  «  47  4    =166 
ipp  oi  tho  ccuteiB    4    4  = 


Sum  19  9-log  83990*44 

Difloitnco  l3YJ-log  3197037 


log  of  160^3527   id  mot  ofjdur  oftet  diit 

•**t 


Reduce  thia  into  tune  by  tho  logjsUo  Loga 


ON  AN  DOLIPSn  OJ  THE  MOON 

53    S0  Oi618 

27    19  0    417 

«   i   h-dfdwafaonof  toiildilnes    00799 

SubtnptUusflomendadditloie/,  38     7    anditpvcsl  7,  37   , 
beginnmg  of  total  d-uknoas  TOd  17A  16     a  f  !  U^eild 
noma=4S     i   BUbbactCb=4     4    ind  we  got,m==:38     7    t 

hence  16 


^  s  log 
16   6 


80    81°  04661 


Hence  the  tinea  ofthifleclipBeaioDeoomb 


w  s  !797  the 


neas 


se      7 
2 


R.T.JJI                     -o***j  i 

Middle  16 

Total  d-uknoss  onds  17 

End  of  the  eel  pso  18    16     a 

Duiotion  oflolUdii^nosB  i    99    50 

Diuaiion  of  tlio  whole  col  pse  s    38    33 

Digits  ecLp«d  «0    9i     o 


Apparent  fame 
at  Gieei  wich 


MS 


126          W,6    I^ead  of  con^wto,   the  flirt  eclipse  it 

fho  cent« 


. 


OH  AN  ECLIPSD  OP  TOT  HJN  359 

=1  21  the  &eimd  amotoi  of  the  moon  describe  the  cucles  repiesenbng  the 
moon  To  f  nd  the  beg  nm  ig  nud  Ue  and  en  1  mart  the  point  n  12A  as  the 
fame of  U  c  id  pt  c  c  njur ctio i  and  w  th  a  lad  us  equal  to  the  i  dative hoiaiy 
moUon  ol  the  moon  M\  on  NL  set  off  that  extent  fiom  n  both  ways  and  dmde 
each  into  val  into  as  na  7  oq  al  pi  is  as  you  coi  vemently  can  and  continue 
the  e  divisions  to  x  and  in  1  Ihe  ti  i  es  caiiospond  ng  to  tho  points  m  # 
show  U  e  be  mmn  middle  and  end  of  tho  eel  pse  And  if  tr  be  meastted  upon 
tlescolo  I  will  show  U  e  di  itseclped  Th  a  metl  od  w  11  give  the  tune  auffi 
c  enlly  nooi  when  you  only  wont  to  pied  ct  Ll  e  eclipse  aa  you  may  depend 
npon  the  timo  to  i  minute  (  U  o  ladius  CB  be  IK  ox  seven  inches  You  may 
proceed  in  the  some  mannei  if  the  eel  pse  be  total 


On  an  JCckpw  tfthe  Sun 

7  An  eclapflc  of  the  sun  B  caused  by  the  inteipomtion  of  the  moon  be 
twcen  the  aun  an  I  epectitoi  01  by  the  shidow  of  the  moon  Ming  on  the  earth 
fit  the  1  1  ico  of  the  obscive       n  e  I  fierent  kinds  of  eel  pees  will  be  beat  ex 
pi  unod  by  a  I\u  o     Let  5  be,  the  sun  M  the  moon    AJS  or  A  B  the  Burfiice 

of  the  eaith  di  iw  tangents  p&w  g  vr  Aom  the  sun  to  the  some  side  of  the  lae 
moon  and  vox  will  bo  the  moon  s  wibia  in  which  no  port  of  the  aim  can  be 
eeen  if  tangents  plbd  gnac  be  diawn  Horn  tho  sun  to  the  qgpotife  eidea  of  the 
moon  tho  space  compiehended  b^fween  the  umbra  and  vac  tbd  is  called  the 
penumbra  in  whicli  pait  of  tho  sun  onjy  is  seen  Now  it  is  manifest  that  if 
AB  bo  the  suffice  oi  tho  eaith  the  spaC6  ntn  wheie  the  umbia  Ma  will  safiea 
a  total  oolipBo  the  pait  am  ty  between  the  boundaiies  of  the  umbra  and  pen 
umbia  will  suflu  a  partial  edipso  but  to  ill  tho  oflei  poita  of  the  eaith  there 
will  be  no  eel  pee  Now  IclAB  be  the  si^fece  of  tho  coill  the  eaith  being 
ftt  difieiont  t  met,  it  d  ffuont  liatonceB  fl  om  tho  moon  Uion  tho  space  wtfrhm 
is  will  suiTei  on  aitrtufa  eclipse  fo  if  tangonta  be  drawn  flom  any  point  o 
within  )  *  to  tho  moon  they  must  evidently  fv]l  witlun  the  sun  theiefoie  the 
sun  would  ippca  all  lound  about  the  moon  in  the  fojm  o£  a  iing  tho  parts 
c?  id  will  suffer  i  pat  Ual  eel  pse  and  the  other  paita  of  the  eoitli  will  sunV 
no  eclipse  In  Lhia  ctsc  thcio  con  be  no  total  eclipse  any  whore  as  the  dkfth  8 
urnon  does  not  leach  the  oaith  Accoiding  to  M  du  SEJOUB  an  eclipse  can 
nevci  bo  onnulai  Ion  01  than  Ifl  84  noi  total  longei  than  7  8 

8  Pho  umbra-  *t*  is  a  cone   and  thepenumb  awed^the  fiustium  of  a 
cone  whoso  veitexa  Y    |Ience  ut  these  be  both  cut  thiougl   then  common 
axis  poipendicuki  to  it  the  section  of  each  mil  be  a  cucle  h  iv  ng  a  commqn, 
cente    n  tho  line  joining  the  centeis  of  the  sun  ind  moon   and  the  penumbra 
includes  tho  umbra 


VOL  i  z? 


i, 


OH  AN    IlllI    r    0       rilK      I  H 

J    1  la  m  xm  *  nu  ui  i  Mli  m  al   ui  Ui   rii       l  llu    arili  i    ad     i  le 

il   H  in  1  11  horn     NUL  n  1  1  ih    in  ni     *  b  i      id  1  1  in      I       \\  t 
thud  uw   nun  tun    Ui  i   (lit  \  I  tth  t  di  i  h    I  d      i  |    i       ( 

<\  llu  i  nih  In  i  llin  i  (li  \ltiy  up  i  (I  it  f  il  i  th  N  '  d 
•Im  In  fill  |ir|  11  In  ih  rh  ip  n  I  il  h  if  UK  \  I  iv  p  |  I  111/ 
in  i\  iv  illit  jli  i  llu  v  h  itv  i  vir  On  nrli  II  I  n  1  1  1'  \ 


nit  uJtllu  mm  at  the  tiifj    win  h  M*  mik     \  ill  tin     irti          d 
(toil  ol  Th  tn  tiou    to  mritui     Hut  llu  twin  Invnu;  B  r  I  it    t    1         i 
ilurdnlivi  ulouly  d  iht  oiatn  »  «lm  1  wcumnvm  n|tml    i  il       i 
idltu  difl  lenUrnm  Uim    ri  llu  p  mil  b   mount  m  1*1   tl      un    i  it      h 
dw    llu  H    ih    I  tit    hnlowm  i    |*<i  n  Uit  p  mi     II  I      i       ,  i    | 
nihl  t  ui  jiuiiih  th    tin    111     Im  I  \\  i   )      H;     \  i   i  ^|||  |     ni        lit 
il  llu  |    lit  I  u  ii   \inj  in  i  In    i    H      i  (i  tn  i    il   t    Ml          1  il 

a     \\h  M  llu     I  il    v  I  (IN    n  Hi      ilur   1  1      Mil    j         il     i  III 

mini  hid      llu  I  if  lit  ol  i     hi    tl  p     i   tl       r        Hi      I     i  |     r 

InLiou  about  il"  nxi* 

aao  Ht  A  HoAaccfim^l  th»  earth  If    Situ    un    /     il        1  ]  if     r* 
i    '     \\l\uhdiift  /  /  ]KiptiilinifitfJ  |rtln  7V  and  dr«fr  Ar  per^lU  1  1    /        (if* 
lit  llu  Hi  Un  t    I  Ilu>   tntcrmiltli    me  iii/yin     ngm   lionficinil        Ip 
it  ih*  umo  11  louchn  Uw  t  rrtl«  T  i  rt-pri  totfllnp  thr  ippun  ni  n  «*  niiud     i  ih 
win  *ho*.  ctfutw  *l*  In  f*i     ml  Irt  /m  murma  /t  in/     Ihin  /n     // 

^l-«m   mil  ftf  hkr  rti   niif  Uumil  r  *lnch  tli    c  hu     fl||Hiro    4Mfr    n 
lliccnrlli   //itnu  i  nu  ll\  llu  nn^f    /  n  flr  //  /  th    I    r  |   i     Id     \\     n 
t    H  IKQ  in    I  1\  //  /S/  tholi  r  )i  i     I  H  i    |  ||  | 

flu  ii|  ]      ni  Hiuul  HID  I  i    f  f  il        n  in  1  1     in    h   i       il       ij.  il  r   IM  1  1 
'"    I't"    |   r         l»  i    |«       i     mil       i  fftdl  \      1  1  if    i    M  {, 

INI  il  tlu  Ulit  1  1   (rf  llu  Mrn  nt  UK  um    rf  tl    r  hpn       i  \  u  i    n  r     n  I 
linn  qianiii)  1»  JH    dun  trn  \»  IK   idif        bill  fl  u    h  rt  i    ^       It  ly 
ncrc  limn     fT  lit  u  mil  t  IIP  nrf  cd  \\*      Or  (I     itli|*urln  i    ir  u  I     I     i  1 
ihuH     1  in  I  (  f  M)  thn  turn    I  rlic  UK  ni  <  m)  n  U  n    nn  I  HU  Ih  it  rjr  IP  flt*  I  d 
in    m  mil  nximli    iuilAl«iHi<  Ku  UN  ItMtl  On  mhn^iuHl       ml  if  ih 
din  urn    a(  ih  «  Ic  1i      il  m     |     hit  (,r  11  r  than  I       tlirr    •»  y  K    ni 
«l|jj«    Inlilllu   hn  i  n     hi      it  mi  l      ihtrv   n  /h«    nul|         re  rl 
11       fclfWM  C  A    i  r     Hi   tdiplu  unit    u»  il  )  IH  (  (til  mil     i  n  n  r     T   l 
Jn     */  b   i)       l|i       \flllh   t      K      rht    frlhcrlm     fUu  i  trili  ftiidf 
Uu  rwbu  d  di    K    Hirtpiumlrn  |uip.   hi^  Itv  ifa  *  rtf^hd  itmhiiif.  It 
anldrtw/ijuppr  lUulirU/A     thn  /fi*h  n  f  («tMtu  I     1+   ^     «M  I 
Ukmg  digitize  >^  5    i?   *   h  u   m  *    i        il     wo  i    tu  47     *n 
A  A  -  17    tl   J7   and  w  Uu  ^  dm  <  I  it*  w  mh  *  *t  mt  »  I  ike  Un*  v*lm  ol 
/  V  10  lit  iha  emir  M  diiuiica  At  m  tlu  niuk  At  tie  t.mc  of  Uu  «  hpu   <  onmne 
Uoii    il  Lluitl  n  ihu  duitnot  |u  I  «  lh*u  i      j|      7   it  tf*«  urn*  or  thi- 
uijiniu   n   llu.rxma>  bcRintlij  t 


ov  AM  *CLip8T  or  IUL  em,  af 

61  An  eclipse  of  tho  sun  01  laUiai  of  tha  carti  without  icspecfr  to  my 
poil  cu]  u  plac  rniy  be  cilcuhtcd  ox  ct}y  in  the  sonic  maimci  as  on  ccl  i  se  of 
tho  moon  tl  at  IB  th  Uiqob  \yhen  the  i  oon  s  umbia  qi  ^onumlpL  i  flist  touches 
and  Ic  wcs  the  aaiU  b  it  to  find  the  fc  nee  of  the  bcgm.ru  ig  xud  Uc  i  id  cnxl 
at  any  loitculu  ilice  the  apioientil  gq  of  tf?o  loon  va  tcei  fcou  th  nee 
i  ust  bo  letci  nine  \  in  I  con  equontly  Ls  p  Jhx  in  lat  tndq  in  1  Ipni,  t  ek, 
mu&L  be  confuted  MUICQ  ejde  s  tl  o  c  Icululiou  of  a  aolai  ocJipw  pel  mely 
loi  and  tedious  "H  o  shall  en  Ic  voui  to  lendci  the  \r]iolc.  oj  01,  vtion  as 
as  possible  by  pieco|  t  n  1  o\i  nple 


jLo  calculate  an  Tclipw  qf  8ie  &  n  y&/  any  p  t  licular  Jtyrce 

OS  IIiv  n^  dote  mined  (  60)  tli  it  theio  will  bo  in  o  lipst  somcw|io  c  ij_  in 
tho  Qiilh    co  ipulo   by  tiW  A  tiono  i  cil   1  ibl       OIL  t  u    1  ng  tudca  of  tl  e 
Bun  and  moon   and  tl  e  m  on  B  t  uc  1  L  L   le    \l  the  t  no  of  me  in  conju  ictio  i 
(54 i)    hid  U  )  tl     h    -\  y  TKfaon  o(  U  c  inn    n  I  noon  u  lon^  tudo  and  the 
moon  a  1  01  uy  moc  01     i  1  UU  dc ,   ind  01  \  utc  tl     t  me  of  tho  ochpt  c  con 
junct  on  of  tho  sun  x  d  moon     n  tl  o  s  TIC  n  in     (If)    B  tho  tu  c  oE  the 
ecliptic  opposition  \   i  conputcl     At  U      time     i  Uiu      Ipti    c   Auction 
con  putt  (517)  the  suns  aid  moons  Icn.itndo    ml  tl  L  moon    liUUil      flnl 
ilwthocqu  touilhn  zonlalpu  itlaxoMuiinoon  Aomtho  I  ibl<n  of  the  moqu  s 
motion    anl  loluce  it  (173^  to  tlio  BWlpOi  tal  pi  allax  io  Iho  t"cn  lititidt 
f  om  whi  h  hubtiact  tli    suu  H  Iioii2&ntal  p    alU     and  ypu  get  tho  bonzontnl 
pu  illax  of  tho  me  on  lio  n  thcS  lun    icduco  al  o(17^)  Ao  appaicat  lat  tuda  of 
tlio  plate  on  the  s]  1  c  01 1  to  tlic  hlila  lo  >n  v  BpafTe 

(3    lo  tl  i  ic  lace,  1 1  it  tudc  of  the  place   and  (I  o  co   tnpon  1  n    ho     on 
tal  p  n  ill  IK  of  Iho  nooi  f  om  the  sun    ( «luch  we  h    o  u  e  n  tc  1 1  ol  tl  Q  ho  i 
zonUl  piulli\  )I  tho  moon   as  we  \  int  to  nnd  wl  at  cfl  ct  Lhc  pa    11  ix  lins  n 
iltoun     then  \\  paiout  cliUvo    (.nations  )  it  tl  c  time  o(  tho  eel  pUc  conj  me 
tiou  compute  (16l)tl  emo  uaj  u  Jhtfrilvi  ludo  in  Uon^  tudo  fion  the  sun 
th    p  u  Ulai  in  litil  i  lo  apphc  I  to  tl  o  t  ue  latitude  give   U  Q  appa  cnt  lalHud 
(I )  of  tli    moon  horn  Uic  sin     an  I  tl  o  puallax  in  lon^iluclo  sljowa  the  appa- 
rent diAcionco  CD)  ot  tho  lon^  lu  les  pf  the  sun  and  moon  riG 

64  TotSbetlosui  TL  the  eel  ptje  tikeo^/=Z?  ehaw  Jl/T^poipcn 
hrulai  to  M)  and  take  t-/  tlien  A'"  is  tho  ppaient  \  (aao  ot  tl\o  loon 
an  I  Stfizy/D  +/  is  tho  apj  uent  eiistanco  of  tho  noon  f  om  tl  o  iim 

f     If  tho  mo  n  bo  lo  tlio  cast  of  the  non  igo  i  n  il  device    tho  pjifillax  irt 
croaks  t&o  longitude     f  to  tho  tnu/    t  dnni  u  fa1*  it    hence  1  tlie  /  w  longi 
bides  of  the  sun  and  moon  bo  oqu  1  in  tho  foimoi  cas  the  appaioul  plac«  A  ill 
lie  from  &  towQ440  E  **&     &*  lattei  towotda  C     -ft 


A  fl 

OH  AN  ECLIPSE  OP  THT   81W 


the  true  conjunct  on  if  tho  ipj  nont  place"be  towuds  C  01  f  the 
be  to  the  wtf  of  the  nonjges  mnl  log  eo    «  /,/Z,,e  the  t  Ue  co  ^ncfao, 
•ippa,  eut  phce  be  to™  ,  L   o    f  the  n  o,  bo  to  U  e  <fll,  Of  tho  noin 
deg  ee  fl  id  the  sun  .  an  1  1  1OOn  ,  t  uo  Jong.ti.de  in  1  the   ,00  a  ,  t  ue  htu  o 
flom  t  !«.  hoiaiy  moUon,     ind  to  ft   simo  time  compute  tl  e  moon  ,  ,  ^1° 

h   «?T±  ™A  T  tUda  ?°m  *'  'UU    "Wfr  *"  P*^  »  I*  to  to  to  1 

ET  !Mi,  F  r  Ul6  TT1  kbtUdC  ™  ol  Ula  m°°n  <  «n  lie  sun 

take  the  diffis  enco  of  tho  sun  >  ind  moon  s  Uuo  Ion  iti  de  ind  apply  the  Da  -A 

lu  m  lonptude  ind  it  gives  lie  app-uonl  distance  fgj  of  the  moon  flom  the 
«n  m  lonptade  Horn  6  ,et  off  VZ  =</  in  1  to  LC  eiect  U  o  pe,p«nK 
PQ  09  wl  to  /  and  Q  is  the  app-ucnl  phco  of  tho  moon  at  one  hou  flom  the 
tiae  oonjunoUon  an  I  «=yJTT  »  the.  ippl  nt  d  ,1^  of  the  moon  f  om 
the  sun  diw  (he  it  ughl  Imo  J^Q  ml  ,t  wdl  noaily  1Bp  csont  lie  idaUve 
app  uent  pith  of  the  moon  conmdoied  u  i  stin  hi  ]  nc  m  gmaL  u  ,t  be.n(r 
ve,y  neady  so  lU  ,  vilue  also  lepiosent,  lie  idaUve  hoi  «y  motion  ol  tho  moon 
in  the  Sppaient  orbit  the  lelabvo  ho.aiy  moUon  fc-JongHudc.  being  MP 

JS66   rhe  difference  between  the  moon  i  ippaient  distance  m  longitude  f  om 
the  sun  it  the  time  of  the  Due  ecliptic  conjunctaon   and  it  the  mloml  of  in 
I*T.  ^9  "PFuenl  hoiaiy  moUon  (r)  ,n  long  tudo  of  the  moon  fiom  the 
sun    the  drference  (D)  between  the  tiue  longitude  at  the  odipfac  conjunct  on 
ond  the  moon  s  apparent  Ion  itude  is  the  appaiont  d  stin  o  of  the  moon  flom 
the  wn  in  longitude  at  (ho  line  fame  of  tl  e  eel  pt  c  coijunclio  T    honcc  ,     O 
1  houi     the  fame  f  om  the  U  no  to  tho  ippn  cnt  coi^m  I  on    oo.  scquo,  ifc 
wo  know  the  fame  of  (ic  ippniont  conjunction     1o  fnd  «I  ctli     Ui  s  t  mo  is 
iccu  ate    we  may  compute  (f  oinlho  hou  y  mol  ofis  of  the  wn  ai  d  moon)  tho  » 
ti  ue  longttudw  and  tho  moan  i  paiall  <x  in  longitude  f  om  tho  sun   in  1  ipnlv 
Jt  to  the  tiue  longitude  ind  il  gives  tho  appaioul  longitude    md  tf  tins  be  tho 
satno  n  the  sun  s  long.ludo   tho  time  of  the  appaient  conjunct  <n    »  tinly 
found    if  they  be  not  tho  same  find  dom  thence  th   tiue  t  mo   is  bef  P     fo 
the  uue  fame  of  the  ippaiont  conjunction   find  the  mooi  s  I  m,  htm  lo  i  om 
its  hoiiiy  notion    ind   omputo  the  p«allix  m  1  ititudo  ind  you  get  the  »ppi 
rent  Uutude  it  tho  timo  of  tlio  ippianl  conjunct  on    D  iw  U  pcipend  culu 
W  Ci  and  equal  lo  this  appaie  it  huti  dc    thon  the  point  A  will  p  ob  xblv  not 
fffll  in  #Q    fl  it  lot  it  f  U  in  QW  to  which  diaw  &B  poipondicular   ind  NS 
paiallel  to  PM  mceUng  PQ  m  R     Then  knowing  NR  (=IJkfJ   and  Qrt 
wo  have 


RQ    rid     tan  QNR  or 
Sin  QNR    rad     QR 


1  he  time  of  descnblng  NQ  in  the  ipparent  orbit  being  equal  to  the  t  me  flom 
M  U)  P  »p  Ion0i£ude,  NQ  is  the  horary  motion  in  the  appnent  oibit 
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Rod     un  ASB    AS    AB 
Rod     coa  ASS    AS    SB 

67  At  the  appaient  co  junction  the  moon  appeals  it  A   wl  ich  tune  (  66) 
is  knoun     when  the  moon  ippeais  it  B  it  is  at  ita  nearest  d  rt  nee  fio  n  ti  o 
&un    and  consequently  the  time  is  that  of  the  g  eateat  otacuiition    (  isually 
calle  I  the  time  of  the  m  Idle  )  piovi  led  th    e  ^  an  eclipse    -uhicli  will  always 
be  the  case  when  SB  s  less  thai  U  o  ma  of  the  an  a  ent  sonudi  matcis  of  the 
sun  and  moon     Ifdoiefoioit  ipea    tlattheio  will  be  on  eclipse  wopiocccl 
thus  to  f  n  1  t«j  qui  ility     nd  U  e  be    in  ng  and  ond     As  we  miy  c  naidei 
the  motion  to  b   un  fo  T    QW    A3    the  t  ne   f  leaciibuag  &Q    U  o  1 1  e  of 
dewaibing  AB  wl  i  h     lie  I  to  01  Bubfaactod  fiom  tl  e  It  ne  at  A   (accoiding 
IB  the  appa  cut  latitude  H  decreosm    01  mcieaan     )  give1)  the  time  of  tho 
gieatest  obscuiation     Oi  instead  of  tak  ng  QN  md  the  t  mo  of  dcscr  bii  g  it 
wo  may  take  An  (  60)  and  the  coi  responding  tmo    which  w  11  be  rnoie  ac 
cu  ate 

68  Horn  tl  o  sum  of  tl  o  appaiont  semi  1  amcteis  of  tho  sun  and  moon  Btib 
tiocl  DS      id  the  iena  ndo  shows  1  ow  much  of  tho  fliui  IB  covcied  by  the 
moon  01  the  pnits  deficient    lence    scmid  o     piits  deflciont    6  d  gits    the 
di  ilfl  eclipsed     If  &B  be  leas  tl  n  Uio  (Itfjaaice  oJ  the  flomid  omoteib  of  the 
sun  and  moon  and  tl  o  moon  s  aemi  li  i  notoi  b   tl  o    i  eater  tho  eclipse  -will  bo 
tplal    but  if  it  bo  |i  o  /  w   tlio  eclipse  w  11  bo  annular    the  sun  ippeaiing  all 
lound  the  moon     f  B  and  5  coincide  tho  eclipse  willboflfn^a/ 

69  Lot  A  fill  out  oi  QN    and  to  increase  the  accuiffay  neai  to  tha  appa 
lent  conjunct  on    that  n  withui  10  01  l    minutes  calculate  the  appaient  Ion 
gitudc  m  S  of  the  moon  f  om  tl  o  sun  and  the  appaient  laULu  lo  irm    diaw  ni 
poi  illol  to  bin    ond  in  tho  U  angle  Am  find  tho  angle  Ant  which  n  equal  to 
ASB  an  1  compute  bB   AB  u bcfoio     But  oxcq  t  n  cases  \\heio  \oiy  great 
accuiacy  is  icqu  icd  th  s  is  unncoessuy     If  NQ  wuo  a  poilect  Btiaight  line 
the  (list  opoiaUon  woultl  give  the  couccl  values  of  AB  BS     KIFTLH    in  011 
eclipse  in  l  98  found  a  cumtuio  r/  mqio  than  9  in  thieo  hoiua  because  the 
moou  was  voiy  neai  tho  nonages  m  il     Itt  the  ocbpw)  n  1^64  M  de  la  LANDE 
found  a  cuivatuie  of  36    but  he  Iocs  not  say  in  what  time     It  IB  owing  to 
this  cucumstvnce  that  is  tho  cuivaluio  of  NQ  that  it  is  nocessaiy  to  find  ono 
thai  point  mm  to  A  in  oidei  to  dolcim  ne  accuiately  tl  e  values  ofAB   SB 
Haun    deteimined  the  viluo  of  SB  and  iho  time  of  the  gieateat  obscuiation 
we  time  flnd  tlio  bog  nmng  and  ond 

570  lioduco  if  necossanr  QN  and  Uke  &V  S  W  equal  lo  the  sum  of  the 
appaiont  qonn  liamoto  a  of  tie  sun  and  noon  at  the  beginning  md  endfjeapeofr- 
ivel)  then  BV^^/W  -&B  (B  bung  now  supposed  in  Q#)  and  BW^s. 
^ '  &W  -&B  then  to  find  the  Umo&  of  dewiibing  thoBo  Bpac«tfr  say  as  tho 
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ho  uly  mot  on  of  U  e  moon  i  Uio  ipp  lont  oil  I    01  NQ     BP    l  houi 

t   icofdesc  bi     VB    inltfQ    BW    1  houi     the  tin    of  do9eubi% 

wl  chti   es  e  }oct\dy  si  bl   cllfom   ndallelt    UcUmioflko    LeatosL 
obsc  u  I  on  give  noi  ly  the  t  in  s  of  tho  be^,  mm    u  I  <  nd     But  U  iccui  icy 
be  equiol  U  s  nothol  vill  not  lo    fo  it  supi  oscs  VJl  to  be  isUugblhno 
I  ch  si  pi  o  ition  will  ciuse  eiu  is   too  cousidoi  il  Ic  in    cnci  il  to  bo  neglect 
ed  vudwdjnotdowheiegioit  iccuucyi  i  qmied     It  may  howove    ilwuys 
e  TO   s  v  lulolo  assume  the  tune  of  iho  beginning  md  ond     Ilonco  it  follows 
ll  t  lho  fcTQO.  of  the  gictle  I  obscuiiUon  il  B  is  not  uocebsuily  cqiud  at  ml 
fi  ot   tho  bogiDnu  g  i  id  end 

71  If  the  cclipso  bo  totd  conudei  SV  $#  oquiltothedfluoncoof  U  oaomi 
lameteisof  tho  sun  m  I  moon  anl  Uion^^—^^s^/^y  _~s.B   fiomwhcnce 
we  myfnlUeln     of  I  se  il  nt  M  BJ1    isbcfoic  whicl  wo  may  consider 
IB  eq  i  1  11  1  \vl  cl   ip]  1   il  lo  U  o  lime  of  U  e  g  o  ilcsl  obbcui  vtiou  at  B   give 
iho  t  me  of  the  b<,g  nu       ind  on  1  >/  ll  o  lot  il  I   knc 

7fl  To  End  no  e  ice    ilcl)  tho  tinu    f  Uie  bcginn  n   nntl  ond  of  Uio  eclipse 
r  0     we  miifltpiocecdthus     Althooslunilel  Uuic  of  Uie  bo  mumg  hnd  horn  Uio 
183     ho  aiy  lotions  ind  Uio  computed  pn  lUxes  UK  appueiulatitude  MN  of  Uie 
moon    ipd   Is  ippaient   lon^il  ide  MS  horn  Uie  sun    and  wo  ha\o  SJVe» 
^/AAf  +JHA7     md  if  this  bo  cqudto  Uio  ippnonl  somid  «    i  semid  o(v  hich 
aum  oaU  &J  tbo  estimated  Umo  is  Uio  Umo  of  tho  bcgiimm     but  if  SN  bo  not 
equal  to  S   issume  (i  tho  01101  dii  els)  anothci  Ume  it  4  smill  mteivil  f  om 
it  bfore    f  SA^bo  ZLW  than  S   hnl  qfl  t    if  it  bo    mto     to  lint  1  no  com 
puto  igun  the  u  ooni  app  t  eit  lautuda  mn    and  ipp  uent  longitude    m  fiom 
thesun  indfnd  5n=v/Sw/  H  rmi      audit  Umbonot  equillo  S  pioccedtlius 
18  the  dflflcnco  of  Sn  anl  W    Iho  diffoionct  of  S/t  and   SJ  (=^J     the 
ibove  issun  oltntoivil  of  tirao  o^Umo  of  iho  moUon  thiou  h  Nt      the  time 
thiou  h  nL  whichliddol  to  01  subtiactcd  fiom  Uio  time  at  n   accoi  lin^  ns  S» 
0  gioale  01  less  tHm  31  gives  Uie  Umo  of  Uio  beginning      iho  ic  ison  of  this 
operation  is  Uat  s  Nn  nL  uo\eiy   mall  they  will  (2f&)  be  vciym  uly  fho 
poifaonoltothodiffeioncos   I  SN    Sn    md  Sn    SJ      But  as  the  vimUou  of 
the  app-uent  di  tinco  of  tho  sun  Itorti  tho  moon  is  not  exactly  in  piopoilion 
totheva   lUoiof  iho  duTcicnce  of  Uie  ippucnt  lonytudes  ind  laUtudes  m 
oiaes  vheio  Iho  ulmo  t  iccmaey  s  icquncd   Uio  t  me  of  Uio  bofiiining  thns 
found  (if  t    ppen  to  be  not  co  act)  may  be  canceled    by  issurning    I  for  n 
Uuid  Ume>  ind  p  acceding  isbefoio      Una  conect  on  howevoi    will  nevu  bo 
necesaaiy  except  whoio  o\tiomo  occuiacy  za  loqn  10 1  m  oidci  to  doducc  soityp 
consequences  from  it     But  the  fame  thus  found  11  lo  bo  considc  cd  as  accui  ito 
only  M>  ior  as  the  JLablcs  of  the  sin  an  I  moon  cm  bo  depended  upon  foi  iheu 
accuiicy    an4  the  beaUuwu  lables  axe  subject  to  in  ciioi  of  10  n  longitude 
wtuch    u  tins  cclipw  would  roaj  o  on  euoi  of  about  half  a  minute  m  the 
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fame  of  the  bcgmn  ng  and  end  Hence  accuiate  obteifrnt  ons  of  an  eel  pie 
compile  1  w  li  the  computed  t  me  iu  n  she*  the  means'  of  coirectfnd  the  lunar 
Tables  B  w  11  be  aftoittaids  explained  In  the  same  minnex  the  end  of  the 
ed  p™  may  bo  computed 


EXAMPLL 


2\>  Gowpwte  tf   ftmei  tftic  Sohi  £efcp*j  on  AjptU  9  1791 
/to  M«  Royal  Obsetvatmj  at  Gteemuch 

Tho  1  mo  of  the  mom  conjunction  (  44)  is  Apil  1  3  2/*     8   I     naoin  time 
il  which  t  mo  wo  find 

Moan  loni?  of  the  sun  O    11      l    if 

Lon    of  the  moon  B  dose  node          03      1  A    44 


Mean  louj,  of  o  fl.om  «  B  node  O   10    as    SB 


Ilcnco  (  00)  Uicio  must  bo  an  cthpso  somowlieie  upon  the  eoilh 


To  the  mo  vn  time  <  f  tho  now  moon  compute  the  sun  Xid  motm  g  tiuo  Ion 
giliuks   and  they  will  bo  found  to  be  0    13    47   48    and  0    11    49   34 
compute  also  tlio  moon  a  line  Jalitude   rod  it  will  be  fbdnd  to  bo  da   4.9  N 
U,sa  n  hug     At  the  dmo  Umo  the  sun  s  hoiwy  motion  «  ibtmd  to  bo  S   38  } 
tho  moon  9  hoiaij  moUou  in  longitude  H  3O    1^     and  n  latitude  a  46  da 
cioawng    hcuct  the  moon  *  hon  j  motion  m longitude  fiom  the  sun  n  J7  44 

l^pioccodlng  as  lucctcd  in  AiUoJo  J17  wo  find  tho   nem  time  oi  the 
oclipfeio  conjunction  of  the  BUD  and  moon  to  be  id  OA  H   4d    fkom  which 
flubtiaUS   18  tho  equation  of  fame  and  it  g  VPB  the  njpoient  ttme  3d  Oh 
41   90     at  which  limo  the  aim  9  and  moon  B  longitude  m  the  ocl  ptio  IB  o 
IS     U   ]4     and  the  moon  s  tiuo  latitude  js  44  £9  N  defending     Ihaha 
il/ontdpajallaxoftloinoon  IB    1  40    and  of  the  sun  9     beflae   tho  h6ii 
/ontalpualiaxoi  tlio  moon  horn  the  sun  is  54  3f  \  theio)(bio(i78  164)  tho 
moon  s  parallax  in  longitude  fiom  the  *un  ia-80     6    and  ift  paiallax  m  la 
hhidoiiomtliosunifl-8     44     honee -SO    T    IB  tho  apirtumt  distance  of 
the  moon  fiom  the  *un  in  longitude    also  the  appuont  Infatudo  fiom  tho  aim  ii 
11    l     noith 

At  tho  moon  IB  to  the  weit  of  Uie  nonageaimal  degtoo  a«umo  1  hour  aftei 
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or  3d  III  41    30    it  which  tamo  (Horn  the  horny  motions  of  the  sun  and 
moou)  the  si  n  s  t  ue  long  tu  le  11  i  n  nd  to  be  0    13    44   42    the  moon  s  faue 
longitude  on  tl  o  ed  pt  c  0    14    IS   26     and  tiuo  Iatlulo42    13  i  o  th  de 
seen  I   g     Tie  nooi  s  poiolhx  in  lit tudo  is— 30    11      1  cnco  the  noons 
ippa  ei  1 1  Utudo  it  11   3       also  it  pdiallax  n  long  tuck  f  om  tl  o  sun    B— 
8     O     but  tho  moon  a  tiuo  longitiulo  exceeds  the  sun  s  by  0    27   14    theio 
foie  the  appuent  distance  of  tho  moon  fiom  the  bin  in  longitude  IB— 1   6 
Ilonce 

Moon  B  appiionl  diet  in  long  it  0   41  so  =  —20     6 

. ^— —   1    41    30  = -1      6 


no               Appuent  hoi  mot  cflomo  n  long                    19     0=jfefP 
131  

Hence  19  0  20  6  1  houi  1/f  9  30  wh  ch  added  to  the  time  of 
the  truo  conjunction  Oft  41  SO  gives  \h  44  50  tho  Umo  of  iJbe  ippi  ent 
conjunction  Also  tho  appaitnthoiaiy  motion  in  latitule  IB  17  =RQ  henofl> 
QNis  VQiy  neaily  e^ual  to  MP 

At  this  time  (nom  the  honay  motions)  tiie  sun  a  tine  longitude  IB  found  to 
be  0    10°  44     0  'ihomoonsO    14    14   7    ind  the  moon  a  t  le  latitude  42 
4    hence  tlio  moon  stiue longitude ngioitoi  thii  Lho  sun  s  by  29   17       rhe 
moon  B  paiillaxin  UUti  dcfiomlhosLn  is  — SO  92   and  m  longitude  —  2Q  i 
henae    tlie  moon  a  ipp*uent  laULudo  IB  11  32  ioiU       Iso  the  ippiicitlongi 
tude  flom  Hie  sun  IB  2Q    17-29   1    =2    which  IB  wl  at  the  noon  s  appuont 
longitude  exceeds  the  sun  B  tine  longitu  lo 

This  difieience  shows  the  appaionl  conjunct  on    found  above  to  bo  veiy 
neaily  tiuo   and  to  gel  it  moio  occuiately  say  19     0     2     l  houi     6    which 
(as  the  moon  s  appoiont  longitude  is  tho  gieatoi)  subti acted  iiom  lh  44     0 
gives  I A  44   44    tho  tiue  time  of  tho  appaiont  conjunction  at  which  ti  ne^tho 
moon  B  apparent  longitude  IB  0    19    44     0   the  same  as  tho  sun  s  t  ue  longi 
tude  that  not  having  sensibly  varied  in  6    of  tune     Tho  appaient  hlilude  is 
U   32  2        Now  it  lA  11   SO  tho  moons  appaient  distance  n  longitude  fiom 
the  sun  has  been  shown  to  be  1    6     and  at  Ih  44  44  tho  longitude  of  the  sun 
and  the  moon  s  appaient  longitude  aio  equal    thcicfoiein      14  tho  appaiqnt 
motion  of  the  moon  flom  the  sun.  was  1    6  =66    let  thifl=iSm  01  nr    also  at 
17  4^    SO    the  appaient  latitude  mn=  11   32    and  at  1 A  44   44   it  was  11 
39  fitf=&4    thereto  e.<4r=0  2       Ilence 

66     0  W    rad     ton  As* 


OV  AN  LCLIP3L   OP    TUB   BUN 


Ah  the  anglo  Anr  is  so  voiy  small  we  nay  takc^n=mr:66  without  any  sen 
siblo  ei  01     and  foi  tho  eai  le  i&uon  SJ3  may  be  taken  =&A  =  11    92 


Hal     ain   13   1      11    S3     AB  =  *  6 

Ilonco  ^H  =  66     ,4.23=2  0    3    14      8  Uie  time  th  o  igh  B  1  which  taken 
Horn  lA   14   44  gives  l/i  44   96  the  timo  of  the^ieati  t  obacu  ition  at  B 

Iho  moon  s  honzonlal  sc  i  id  a  netei  is  14     8    ai  cl  its   It  Li  de  it  il  e  t  nc 
of  the  g  eat  at  obscuiat  01  (  1  te  m  no  I  by  i  globe  wh  ch    s  B  uTc  entl}  nea 
ioitli  \  iposo)is   bout  38     lonce  th    augmentation  at  tlo  di  unelo   IB  9 
consequently  the  ipp  ue  t  soin  diomcte  of  tl  o  moon  IB  1  wh  cl    iddt  1  to 

1        9   tl  o  suns    em  lomote    g  vcs  si    4    fiom  which  bubt  act  &B  =  ll 
32    and  the  i  mainloiisl9   3     the  pa  ts  doflc  ont    lence  l        9      19    32 

6  dgiLs    7<f    19      7   tho  digits  eclipsed   it  the  Umo  of  tho  gieatost  ob 
scui  ition 

lo  find  tl  o  t  me  of  tho  bog  nmng    we  must  f  at  get  tho  t  me  (  70)  neatly 
Ihe  vUuo  of  5J3=.ll    32  =693      aid  as  tl  e  appal  ent  Bumdiamclci  of  the 
moon  is  now  1     6     wohavoSPizSl       =186        benoa  J3F=3l7S2      Now 
OB  MP  s  in  Uufl  case  noaily  equal  to  ON   we  may    foi  tlio  pn  pose  -wo  heie 
wont  it   tmumo  the  appoionl  1  olaiy  motion  of  tho  moon  f  om  Ihe  sun  in  the 
apjment  oibit  equil  to  that  nl  ngiLudc    which  is  19     0  =1190      hence 
1190     1732     Ihoii    l/i  37  20    which  Bubtaactedflom  Ih   41    36   (tho 
tune  at  J3)  gives  Oh  17   16  the  time  of  the  beginning  newly     Lot  us  there 
foio  asBume  the  beginning  at  OA  17   at  which  tune  we  find  (flom  thehoiaiy 
motions  of  tho  sun  and  moon)  the  sun  B  Uue  longitude  to  be  O    13    41    1 
and  tho  moon  BO    13    29          whoso  difference  u  11   SO  thou  tiue  distance 
in  longitude    but  the  moon  s  paiaUax  n  longitude  IB—  17    4        hence    their 
appaienl  distance  in  longitude  is  29      =174        At  die  sune  tune  tho  moon  s 
tiuo  latitude  B  46  7    and  its  paiauax  n  latitude  -s     10     hence  the  appa 
rent  latitude  of  flio  moon  fiom  the  eun  IB  10    7    theie£bie5^r=v/l7**"~+6  7 
=  1864  =314    which  bu  ig  loss  than  31       shows  that  tho  eclipse  is  begun 

Let  us  next  assume  0/t  16    and  by  piocceding  in  the  same  ittannci  wo  And 
6/1=1883  =31     3    tl  cirioio  tho  eclipse  ;d  not  begun 

Ilonco    31    23  -91    4=19      31     5  -31     4    B!      1   mmute     3    which 
Bubtiactod  f  om  O/t  17  gives  O//  16     7  ioi  the  beginning  of  the  ecbpao 

If  to  1A  44  36  we  add  lA  27  20  WelaveflAll  fl  we  will  tl  eieforG 
uaiuno  eh  12  foi  tho  end  and  by  pioceeduig  as  b«foie  we  find  the  appaient 
(Tielonco  of  tho  moon  f  om  tho  sun  in  longrti  de  to  be  so  37  and  the  moon  t 
ippucnt  latiludp  10  48  hence  the  moon  B  api  arent  distance  Jlom  tiio  ann 
IB  y/1837  +648  =1948  =J9  28  but  the  sum  of  the  appaient  semidia 
motms  of  tho  bun  and  moon  IB  now  l  2  consequently  the  eclipse  is  ended 
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Let  us  next  assume  tlio  i  mo  Qh  6    and  the  appaiont  distance  of  tho  moon 
f  om   the  sun  in  long  tudo  is  98   SB       ml    n  hi  t   lo  10  ]  e  cc    tl  e 

mo  n      appiient  distil  e  f  on  the  sun  is  ^/1708  +0      =  18J9  =30   29 
the  efo  e  the  eel  pso  B  not  ei  1  d 

Hence   S3    28-30    29=1      9      31    2  -   0    29  =3S      6      1    39    which 
added  to  3h  6  y  es  3/   7   39  ioi  U  e  end 

Uencc  illhe  Royal  Obseiv  \toiy  it  Gioonuich  tlio  1  ibles  givo  Iho  ti  nos  of 
tho  eel  pso  on  April  S  1791 

Bogmmng  0    18     7  ) 

Gieitcbtobscuiation         1     44      0   >  ippu  ent  time 
En  I  3      7    89  ) 

U  gis  eclipsed  7    19      7 

If  it  be  icquuod  lo  compute  the  eclipse  foi  any  oilioi  pi  ice     nsLcnl  of  the 
latitude  of  Giecawich  use  tho  latitude  ol  tlio  place    and  i  educe  the  ippaiont 
time  at  Gicenwich  to  tho  appucnt  time  at  the  place   accoiding  to  tho  diffoi 
dncc  of  the  moi  duns 

73    To  fnd  what  point  of  the  sun  s  limb  w  U  flist  bo  touched  by  tl  o  moo  ) 
no      let  P  bo  the  polo  of  the  ecliptic  E&  Z  the  zenith  S  M  the  centois  of  the  sun 
133      and  moon  when  then  limbs  lie  in  contact  it  a   i  d  dnw  AW  peipendiculu 
toES     By  Ait  164  PZis  theilttude  ofth    no  iigc&unal  degree    an!  5P/ 
IB  the  inn  s  d  Blanco  fiom  tl  at  point  both  ^  h  ch     o  found  in  tho  coik  putition 
of  the  piialUx     also  1/Z)  is  the  ippiicnt  htitu  lo  of  tho  moon     hence 

Ilil     tan   P/    sin  &14    tin  187 
Ian  SV    lid     tvn  -D6    COB 


If  I  be  tho  longitude  of  Uio  nonngesimal  device   then 

*when  tho  tun  s  longitude  IB  between  L  and  L  +  180     otheiwiso 

P&7    ind  Z*SD±  WSD  (iccoiding  is  tlio  moon  B  visible  1  lUtuda  is  soulh  01 

north)  gives  7\jll  the  distance  of  tho  point  ol  the  Iiuab  ol  tho  sun  flist  touche  I 

by  the  moon  fiom  tho  highest  point  of  tho  sun  B  disc 

In  tlis  eclipse    J/=  0     7    and  S//=fl       16    lenco    P5£=27     3 
which  (in  this  case)  n  Ide  I  to  90  gives  117    3  =ZSD     Iso   .DSJ/=SO    4J 
•which  (is  the  moon  s  (ippaiont  latitude  is  noitl  )  subtracted  Horn  117    3  g  ves 
ZSM^JQ    31    the  moon  B  distance  Horn  tho  zen  tl  of  tho  sun   t  the  bcgi  i 
mng  of  the  oolipBO    In  hlco  mannei   the  distance  at  tl  e  nidllc  and  end  of  the 
eclipse  may  be  fbnnd  and  thenco  tho  appaient  p  ith  of  the  moon  ovei  tho  sun  s 
dise  in  respect  to  the  hoii7on  may  be  desc  ibed  (  78) 

In  tho  computabdh  of  this  eclipse  the  moon  a  true  latitude  and  longitude 
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\  i  o -it  fl  st  computed  fom  tho  Iibloa  and  ofteiuai  Isdoleimnedftomtheho 
1 1  y  i  ofaona    but  OB  Iho  1  o  01  y  motiona*may  be  subject  to     sm  lU  va  i  it  ou  n 
the  lu  ifcon  of  •in  eclipse    n  cases  whe  o  tl  e  utmost  occiuacy  IB  ieqi  i  e  1   the 
tiuo  lahtudo  and  longitude  shoull  bo  corapitol  evoiytmof  ora  tie  Tables    m 
sue!  cases  the  decimals  of  the  seconds  si  oul  I   Iso  be  taken  into  conaido  at  on 
whicl    n  tl  a  Example  wo  e  om  tte  1   "When  TO  v  nt  01  ly  to  pi  edict  an  eel  pat 
tho  mothol  heio  pi  ctsed  \  ill  always  be  sufficiently   ccuiate      We  ha  e  fol 
lowed  tl     b  une  metho  I  in  coi  iput  ig  the  OCCL  It  it  on  of  a  fixe  I  stai  by  the 
mo  n   thilcou]  it  ton  tho  ofo  e  nay  il  necess    y  bo  eiloiol     o  e  couoct 
lu  tl      am   m  nnei 


1  o  consti  uct  a  Volat  1  c&pw   bytieli  inciple*  qf  Pi  ejection  ddwn  ed  m 

Oc  lastUapfei 

7  Accoidm  to  Ui  s  p  ojecl  on  (41)  U  o  appoicnl  dl  pso  Icsciibod  by 
my  point  on  the  ea  th  s  bud  i  to  a  15  eyo  at  tl  e  contci  of  Uie  sun  is  pioject 
od  upon  a  piano  at  Uio  n  001  peip  n  1  culaa  to  1  ne  joining  U  e  e  utli  and  sun 
and  tho  p  mt  ol  Uio  elhp&e  ol  piojccton  coiiesponding  to  my  point  of  the 
othoi  ellipse  whoie  tho  peetiU  i  s  Uio  point  whoio  tho  cci  tci  of  U  o  sun 
ippeus  to  tho  spoetitoi  Iho  ecnloi  tl  p  ojceUon  is  in  the  eclipUc  If  the 
luii  i  oibit  be  piopeiljlud  down  and  dmdod  showing  whoicUiG  ocntci  of  the 
moon  IB  at  rnj  time  wo  shUl  Uion  hi\o  tho  id  Uve  situation  of  the  conteis  of 
Iho  sun  and  mo  m  U  any  time  soon  fi  om  the  fcivcn  placo  of  the  spectatoi  Tiovn 
Ihes  p  meiplos  of  pi  ejection  ve  thus  coustiuct  tho  solai  eclipse  which  we  havo 
hcio  calculated  assi  mmg  uch  dements  aa  are  noce  soiy  floui  that  calculation 

76    liko  (  11)  audiuaO/  equal  to    i    97     tho  diflbiencc  of  Ibo  suns 
and  moons  hoii/ont  ilp  i  all  ixcs    md  liu  le  t  into  nunutes    md  dosenbo  tho 
Bomiciiclo  JCf(  lepioscntm    hotftho  cuclo  of  pujecUon    J  OC  icpiesontmo 
Uio  ecliptic   to  which  diaw06-  peipcndiculai      lind  (  36)  J  thepiojectod 
noith  pole    horn  UioflcileOr  takcOr=  49     x  sin  lat  x  COB  dec  an  I  in 
a  line  pcipen  hculu  to  0*  sot  off  both  wiys  »6^A  x  cos  lat  and  rm=tn=?t 
cos  la  x  sin  doe   ml  dose  ibe  Iho  ellipse  mQnB    and  divide  it  into  houas    by 
Ait     38    an  1  Uien  suh  In  de  U  oae  home  which  you  will  wont  to  make  use  of 
as  fai  as  you  oonvemenUy  con  lot  Uio  size  of  tho  hguio     liom  the  scile  toko 
Ov  equal  44     9    tho  1 10011  B  tiuo  J  it  Uido  noitl  desconding  at  U  o  time  of  tho 
ecliptic  conjinction    and   Uiw/vAf  making  an  ingle  with  Oucquilto  84 
18    thecoTiplcnentoftheatglowhdithoiclativooibitin  kos  with  tl  e  edip 
tic    on  Iho  left  side   if  the  latitude  be  no  th  01  south  dmcaim*    md  on  tlyj 
t/  Itt  if  tncieasm      m  UIJB  Example   it  IB  on  the  lelt  e  do    and  ZtfAf  will  le 
piesent  the  noon  a  iel*tive  oibit     Maik  upon  the  moon  B  oibit  at  tbo  point  v 
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41    SO    that  fan    the  t  me  4m  13  o  clock  it  which  die  tiue  eclipUc  con 
junction  happens     and  wlh  in  0^=37    .8    the  hoioiy  motion  of  the 
moon  fiom  tJ  e  sun  in  la  1Qlat  vo  oibit   seL  off  U  e  houis  cadi  way  fiom  c   md 
TOD!  wdo  Uiom  into  minutes  01  IB  foi  is  tho  B  ro  of  tl  e  fi  me  wiU  T  oirait   Now 
toflnltho  I  mo  of  Uio  Mid  Ho  of  the  eclipse    tike  the  comp-i  B   \nd  flul   bv 
tin!  whit  two  conospondmg  times  as  at  z  and  *  upon  the  ellapso  and  moon  s 
oibit   icneuosttogethci    which  will  give  the  time  of  Uiejwtaif  obscwrton 
beuuso  the  centcis  of  Ihe  sun  and  noon  me  then  at  the  least  diataice     To 
flndUie  tune  of  the  beginning   take   mih  the  compass  fiom  the  Bcalo    in  ex 
tent  equal  to  31          the  urn  of  the  somidiomele  s  of  the  sun  and  moon    and 
by  U  U    fnd  two    01  LSJ  ending  times   is  at  a  ind  t  at  tl  at  distanco    aid  it 
g  vofl i  tlio  toe  of  tho  be  amm      and  if  you  find  two  conospondmg  Umes    is  it 
yanlw   it  tlio  dislinc    dl    2    tlie  sum  of  the  somidiimoteia  at  tho  end   it 
feives  the  time  of  tho  end    01  you  may  omit  the  vai  ition   f  the  d  imetu  of 
the  moon  in  tho  mleivil     Toi  tho  beginning  must  be  when  the  ccnteis  of  the 
sun  and  moon  amye  «t  the  disiance  of  tho  mm  of  theu  eemidi  unete  •    and 

£°  !^  ^       W  ?n  Uiey  hav°    ^^^  tal1  *V  ^ve  got  to  that  hstanco 
To  find  Uie  di  its  edipwd  it  tho  gieatost  obscuiation   take  eu  fiom  the  scale 
and  toy    M    ^     6  digite    the  digits  echpsed      1  o  ind  the  dwts  eclipsed  at 
any  othei  time  take  with  <he  compass  the  interval  *  that  Ume  on  the  dhpw 
and  on  Uie  moon  s  oibit   and  apply  it  to  the  scale   and  then  sa)    *e    thotdiT 
tonce     6  digits    the  dibits  echp  od     It  by  tok  nfe  Ao  nteml  of  two  cone 
ffponding  UmcB   H  appeals  th  vl  it  is  ilwa;  s  ti  e  itei  than  the  sum  of  the  so  nidi 
•unotafl  of  the  sun  and  moon   it  shows  th  it  tho  o  will  be  no  eel  pso  at  that 
place 

77    Rom  thii  constiuction   tho  position  of  tho  moon  in  lespect  to  the  M 
nith  of  the  aim  s  lisa  may  be  found  and  thence  tho  oppoiont  path  of  the  moon 
ovoi  the   unmiespLcLlo  tho  hou/on     loi   (  40)  a  ]  no  diawn  fiom  O  to 
tray  point  of  tho  olbjM,c   whoic,  tlio  specUlo    is    bmntvetcU   horn  He  pun 
ciplos  of  the  piqjoct  on  Ac  mgles  Ofs  OXA    Ocy  show  the  ingi  In  distance 
ibout  tho  contu  of  tho  sun  (lorn  its  vmtox  to  the  cantei  of  tlio  moon  at  tho 
-pre      beginning  middle  and  end  of  the  cl  psc     Iloncc  lot  C  bo  the  ce  itei  of  the 
IS        sun  Sbda   Z  its  Tenith    and  make  the  angles  ZC1    7CQd  ZCR^Ots   OAI 
Ottg/inrig   131  lospectivcly    U]  o  67     CA  equal  to  th   sin  of  the  omidia 
meteiB  of  tho  sun  and  moon   rfCj=thc  digits  eclipse  1   and  SQ=aP   and  with 
the  contort  P   Q   R  and  jad  i  Pa=Qa  =  ^&  oqn  1  to  tl  e  sem  d  imotoi  of  the 
moon  describe  <bioo  cnclos   and  they  will  lepiesei  t  the  situation  of  the  moon 
at  the  beginning   Huddle  and  end  of  tho  eel  pso  m  espect  to  the  veitex  Z  of 
the  sun    and  consequently  m  IB  poet  to  the  hoii  on    hence   if  we  dewu  be  a 
c  icle  thioubh  P   Q    R  and  with  lie  same  lotlius  desciibe  tst  paiollel  to  it 
it  must  \c  y  nooily  repiesent  the  boundaiy  of  the  eel  pse   01  of  the  oxtieme 
poit  of  tiio  moon  9  limb  as  it  pisses  ovci  the  sun   in  lespect  to  ihe  honzon 
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78   Ihe  oclipw  nny  ilso  bo  thus  osculated  f  om  ti  p  pipjecfoop     Assume 

Uio  time  it  fofbeginmn    isdete  mined  by  the  constiuctjo#    diawfcieipen      14 

diculu  to  OP  in  I  JOH  Ot  Of     The  time  ftom  f  to  w  being  given   conveit  it 

ntodefeieesa     then  (  S7)on  a  xtA=fc  and  COT  <*  xm?w=rc  bpt  (  8  )  0> 

a  ]  nown  he  ice  Oc  s  known    theiefoie  in  the  jight  angled  t  laaglo  Otf  w« 

knowOc  cf  to  find  O/  and  Of    but  (586)  POu  sgnen  therefore  cQt+}  Oi? 

==*Ow  is  1  nown    also  Ov  and  the  i  gle  Ovs  ore  known  by  the  constiuct  on 
11  d  the  time  i  om  a  to  v  be  ng  given   u  d  nlflo  the  moon  4  leUfcve  homy  mo 
lion  in  LM  MO  know  w    hence  m  the  t  iigle  Ow  wel  now  Ov  w   nd  Ihe 

mgl   Ovs  toll  10j  i  dtl     u   leuOj    hence  we  fnd  tOs^tOv  +  vOs      ud 

*^* 

Itifltly  in  the  tu  ngle  tOt  wo  1  now  10  Os  aji  I  the  ingle  J0«  to  find  f$f  and  if 
tl  IB  bo  oquoL  to  the  sum  of  the  ?e  nidiomete  B  of  tlie  sun  an  I  moon    th    aa 
sullied  timo  19  tiuo    if  t  bo  not  eq  nl  to  the  mm    isbi  me  onothe   tn  e  foi  the 
beginning  'ind  find  anothoi  vali  e  of  ft  ind  p  ocood  vitli  Lheso  two  QB  in  Arta 
clo    73     In  1  ko  maniioi  we  m  y  findth    end     But  tl  a  metl  od  IB  not  (  41) 
subject  to  the  sime  «ioci  icy  IB  the  n  ctho  1  of  calcujition  wluch  we  h  wo  ijb  eAdy 
given 

70   SLL  I  N  WIOK  i  pposes  that  the  abomlion  of  iavB  in  tlio  focus   of  a 
telescope  mUccs  the  imago  ippcar  greitoi  U  in  it  ou^bt    an  I  hence  diffaent 
toloscopo?  will  givo  difieient  meisu  oa  ol  the  sun  s  diamcloi    ind  consequently 
mtko  tho  eclipse  xppon  to  begin  at  difieient  tinos     Thit  tcleaoopo  -which 
gucs  tho  diunetoi  the  least   IB  the  moat  perfect  inati «m ont     The  excoUent 
ti  uiait  telescope  it  Gioonwich  makn  the  diimetoi  of  the  sun  lets  by  0  tljan 
th-vt  tmn  by  MAYEB  ui  his  iables  as  Di   MAAKBI.TKE  has  found  by  hii  obsea 
vitioni      J  ho  diamotu  of  the  eun  lasnmed  m  these  calculations  ha«  thoieiore 
boon  taken  6  lus  than  th  it  which  MAT^IL  detormmed     M  du  SKJOUH  sup 
poses  tiiat  tho  lays  oihght  coming  from  tho  sun  11  e  inflected  is  they  pass  by  tho 
moon    which  he  attiibutos  to  the  lef  action  which  they  sufita  in  pissing  thiough 
tho  moon  B  atinoiphoio    on  tlus  account  the  uppaient  contact  of  the  limbs  will 
not  take  pi  ice  to  soon  IB  it  otheiwiae  would    this  would  bo  th*  some  as  i 
nution  of  the  moon  s  diameter   which  of  thcso  hypotlicses  ought  to  bo 
M  du  Suoun  endoavouicd  to  dcte  mine  .horn  the  obsoivations  of  Mi 
on  tho  solu  ochpso  Apiil  3   1784  upon  the  distance  of  the  hoips  o^Uje  mpop 
but  he  could  deduce  nothing  saUsfictoiy  nom  thence     He  supposed  the  wflec 
tion  3  291  and  tho  hamotoi  of  the  moon  to  bo  ^mmislied  by  the  same  quart 
tity   and  c  ilcul  ited  upon  eich  supposition  a  gioat  many  daqtance4)  of  tho  boins 
ind  compn  ed  tbem  with  the  obscived  diatapcos  \  but  be  coal4jQot  decide  to 
tween  tho  two  hypotheses     An  inflection  of  1  8  ind  i  dimtftilbon  of  i  5  of 
the  semidjwnotor   he  found  would  uUsfy  some  obseivitions  and  h&  #eemdd  to 
Uunk  tbs  coDclusjon  most  likely  to  bo  now  sat  the  tmth,  tutjje  co^pp  at  last  tp 
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no  deteimmafaon  i  pon  tl  e  subject     All  the  icq  i  <ule  obseivit  ons  seem  not  to 
bo  capabl   of  bung    Me  to  1h  it  logi  o  of   cc     cy  \  Inch  is  neceasa  y  to  set 
da  so  i  ico     ft  -iite       M    li   S  j  ua  ill    Ubicp   pose  1  the  folio*  ng  method 
to  det  imn  e     I  elhei  the  i  ja  oi  1   It  pass  nb  by  Ibe  1    b  of  the  n  on  auflei 
an)  dei  ut  o  i      Toko  1  1  Imcope  mounte  I  upc  n  1  1  ol     i\  s  w  Ih    WIIP  nncio 
metei  -innoxed  to  it     When  two  ula  s  coma  n  to  the  i  eld  ol  v  ew  togetho    lud 
oue  of  them  IB  to  bo  eclipsed  by  Ubo  n  oon   open  Hi    wiicb  u  d  1  ung  ono  atoi 
upon  oie  of  tho  WIICB  and  the  othei  sfunpoi  til   otl  01    ind  thus  follow  the 
BUiB  until  one  of  them  bo  eclipsed  and  it  tho  insta  t  befoi    U  di   ppcus   ob 
ae  vewl  olhm  lU  distance  flora  tho  othei  atai  IB  dinged  tint  s  \vheth     it  bo 
off  the  WIG  the  othei  stii  lemainiu    upon  its  \    o    if  il  B  bo  found  to  bo  the 
cue    tie    ays  i  ust  havo  suff  iod     d  u  ton     fiait  Auil^Uqu    pa     420 
I  do  not  hnd  tl  it  in  obiuvalion  of  tl  is  k  n  I  h  is  been  L  t,     i  idc 

MAYIJL  s  Method  of  ConyntUn    Sw  AE  I  Mirers  talenftom  fit*  Oinu  Imi  HA 
Vol  I     lo\  htch  are  added  such  ohctvaUons  <w  wet  ej  itemed  neceuatyjot 
Mo  gtouTuk  q/  &K,  Qpet  attons 


B6   It  being  dctummcd  that  U»oio  will  be  in  edtypsc   iflBumo  UULC  mo 
uumtiof  Umoatoqu'lhntuvals  osnouly  at  you  cm  coi\)ccUue  fo  tho  be  in 
nin^  middle  and  end  of  the  och[  so   to  which  ti  i  os  compt  to  tl)o  fa  10  Ion  itudo 
ol  theaun  the  Uno  longitude  an  11  it  tutlc  Q!  tlic  noon  loi  ho  /onto!  sc  nidi 
nmotci  -uidhu  oquiloml  pi  UliT 

At  tho  issumod  Umos  fo   the  be  inning  mi  1  Uc  in  1  en  1  of  the  eclipse    i  nd 
tho  moons  altitude    Mlucli  nuy  be  I  me  M^tli  sufliucnt  iceuiicyly  i   lobe 
uad  thence  mid  hei  app-uont  semidi  imotei  horn  hei  ho  zonul  soin  di  xmetoi 

Reduce  the  laUtndo  oi  Lho  plica  to  th  it  at  die  oailh  s  ccntoi    ilso  leduee 
the  equito  11!  puill\x  to  that  at  the  given  phcc  b)  lab  Ait  179 

lo  the  1  Uiludo  of  the  pi  ico  so  i  educed  at  Ui  th  ce  uaumcd  til  los  f  nd  tl  o 
nomgosiraal  dog  co  of  tho  celipUc  ind  its  ilUtu  le  hcnco  the  disl  neo  ol  the 
moon  flom  t  JB  known  Ihon  cou  [  uto  the  moon  p  uill  i\ca  in  I  ititude  in  1 
IbngitUdo  itU  o  Bulthice  time  tlisjou  et  tho  apparent  \\liud  b  mlJon 
^  tudtB  of  tlic  n  on  ind  the  difl  lonees  of  tl  ippatent  Ion  itu  los  of  tho  sun 
and  moon  at  these  ti  ncs  ilso  the  moon  a  ipp  uent  litatu  lo 

By  mteipolation  find  the  diflue  ice  of  tho  ippnent  longitu  Ics  foi  o\  c  )      o 
IO  (m  6nr  OqmjmtftUon  it  IB  foi  10)    cou  ospor  d       to  A  hich    j  it  tho  a  ira  of 
Hie  app  uenftyHpliunotcis  ol  the  sun  lud  moon 

By  compaiiig  the  rtpplicnt  latitude  ind  1  ffcicncoa  of  lo  ig  ti  lo  with  the 
MI  n  of  Iho  Mmidlimotej'B  (t)  ostim  lie  what  ipp  ucnt  lititude  (4)  in^wois  nei 
ly  to  tho  bogmmng  01  ctad  of  the  eclipse     md  tlua  m  \y  bo  cisily  done  thow  h 
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tlopitcstti  esa  ouot>etki  wn  s  ice  tlemoons  latitude  does  not  often 
vayabovtafe*  mm  tot,  i    in  houi     Then  compute  v/c  -A    and  see    n  the 
i  bio   moig&tthodjffciencesoi  lonytile   whetl  ei  it  has  a  htitule  an  war 
ing  to      m  which  cose  it  Mil  be  the  Uu   d  fib  once  of  longitudes  it  the  begin 
m  g  01  e  d  of  the  eel  ps       But  if  the  obo  any  d  ffeience  between  thews  liti 
tudos      all  it  A     nlsy   ^/c^T    \    &     a  fontl   teim    wh  ch  added  t 
y/c  -  i  if  the  latit  i  le     be  too     eat    01  subt  acted  if  too  1  ttle    g  ves  the 
coi  ect  Iffbic  co  of  1  n   ti des  conespoi  d  ng  to  the  beginning  01  end     Coi 

espo  di  g  to  tl  IB  difl    ei  ce    find  the  fame  by  tl  e  Table    and  yon  have  the 
time?  of  U  e  be  inning  01    nd 

lo  find  Die  time  oi  tl  o  g  eitest  obscu  ataon  and  the  d  gita  echpaed  asaume 
the  lit  tide  vt  Ui  t  tuno  to  be  t  and  let  ta  nmemontoi  deciementin  S  01 
10  about  that  U  no  bo  *  and  the  naonent  o  deciement  of  the  diflbience  of 

tholon  itude*  bay  andl  tj     v    *    a  fouith  term  y  which  w  flbe  the  drf 
feienco  of  longitu  lea  it  iho  t  ne  of  the  gicatest  obscu  ation  the  time  cone 

apondin    towl  ch  g  vosthoUracof  theg    atestobflcmiiion     wheio  tougltto 

beobscived  thaty     to  bo  sought  io     mongBtthe  dflbrenc  a  of  long  t  id  B  be 
Jore  U  c  appucnt  c  ijuncton   f  the  lattudc  bo  mcreaamff   and  qjter  if  fa 

cteasm 
Tiom  the  time  of  tho  gieatost  obsc  uat  o    finlf  om  the  Table  the  latitude  (f) 

md  \/rTJ  is  the  nLOicst  d  stvnco  ol  the  entci-s  ol  the  sun  and  moon  -which 
tikcnflom  tho  mm  oi  then  semidinmotou  tho  remaindei  (leckoning  the  0un  » 
eomidi  imotei  0  digits)  g  vea  the  digits  eclipsed 
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fit  AMP!  1 


May  ft  I 


P  Octote    17  3    /, 
y  abbs  tMertod  m  /ow  //  Conrm 


en 


Thioe  assumed  Ohmes  (tiuo  I  me) 
Sins  UU6  longitdde" 
Moon  s  Uuo  Ibtiglt  tdb 

•  ••                 ii. 

Qh  20      O 

t       3       6    19      7 
1        1        8    36      7 
37    4J 
16    10 

9     a 

-                   — 
107    30     0 

3     9  n 

3     39    43 
SI    37 
16    10 

9        K 

—  —  . 

n/*  40 

7       3      12 
7       3     2O  1 

If    1 

Sun  s  seraidioin6tei 
Moon  s  cquoto  ifll  pai  U]\K 

1  ft          *7 

7 

9 

10      7 

16      7 

16 

Altitude  of  the  moon 

~ 

i  *             i  - 

•*  -*•          — 

Augm  bjf  thoon  d  somid 

3 

~-  <          —  -, 

Moon  4  a]4]i  rittmd  in1  altitude 
Sum  of  semttta  of  son  and  moon 

16    11 

83  a: 

16    13 

16  1 
32  2 

Latitude  of  Golbngon 
Reduction  fbi  ditto 

'      '">     —  i—  rin.    |r    .    ...    ..j 

..!>.>            .1         . 

16 

16 

1    S 

1 

Coi   of?MWf!rtM^  iV^MTt'iV 

1    10 

51     16 

1   1 

JUoon  S  not  pTdfllliit 

10 
6      8 

10 

8     7 

1 
8 

Moon  s  dist  nom  mend  eastwoid 
Sun  s  light  iscousion 
Right  aflcon  of  nud  heaven 
Obliquity  of  ecliptic  33    49 

ii  .  ji..  .    ...    tl  i  <  [  i    __  ^ 

40      0 
10      J 

170       1 

23    SO 
10       6 
188       6 

•      i-  -       r 

210  it 
0     5 

NontLGsimal  degree 

4       26       *7 

Alt  olnon  dogioe 

4,7    39 

a 
41     1 

30     I 
31  9 

Moons  ti  uo  dist  fomnonig 
Sun  H  loi  puallax 

•                               

f         2 

0    11 

~  • 
48 
0    11 

99  9 
Oi 

Dif  hoi  pu  owid< 
Moon  s  p-u  in  longitude. 

8    47 

58    4( 
31 

8  41 
21   ll 

39     18 

44    16 

*8  9 

appai  Ion     moon 

7        2     38              7 

3      10    48 

7     0      12 

Dty  oi  appai   ft»y  of  o  wd  « 
App-u  lat  of  the  moon  south 

West      38   14  List 
11      9 

1    34  I 
13    39 

Ut             39     1 
IS     1 

Hence  by  the  Rules  foi  mteipoktion 
times  010  passed  ovei  thit  aie  of  no  use 


UiefollowiD    lable  IB  computed    in  winch  the- 
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line 

App  d  f  Ion 

App  lit  S 

Sun  8  son  1 

0    10    0 

-    2     36 

11      2 

S          1 

J      0    O 

-  28    14 

]]      J 

?      Jl 

J    JO    0 

-    3       1 

12 

2        1 

10      0    0 

-     2    S6 

1       1 

3            3 

10      0    0 

1-     1      4 

12     S) 

JS         3 

10    10    0 

\-          12 

IS     41 

J9       29 

11     SO    O 

i-        a 

n     J. 

39       3 

11     10    0 

+    J      0 

IS        8 

3         2 

LI      0    0 

+  S3 

1      11 

J         -2 

Suiposo  UK.  hiitiiU   (  )     it  the  Ic  mm  i    U   b     :«     c  =  92    21     UILI 

^c  —     =iSO   2      U  L  d  ft  icnco  oi  I  11^,  tl  *      wl     !   tllflc  e  lct  ol  loneH-lll° 
docs  not  ans\  ci  U  tlic  issuniLllvtit   I    l        NA  Hit  dc  i    sc<ftho-\ppx 
icnt  dilfoioncc  of  Icng  tult    n  10  is  9     9C  -28    11  =1   2fi     Anl  Uic   lif 
lu  onco  between  tho  1^  piiontlonaitud    3     3f    uilTO  J     isSM  (omittin 
U  o  0     u  o/  no  c  nscquoncc)    nls     tlic  incieiso  ot  Uie  ippiiont  htitudo  1  1 


10ib7     honcc  4   22 


si     7 


vlucli  added  to  11 


ivc*  11 


f      vo  m  i}  tl  Ltcfoic  c  in  ido  U  ib  11  tlic  ap]  uonl  btiLudo  it  Iho  boginniDg 
oi  die  td  p  L    in  I  U  I  1  1  the   one  pondin     ippuent  diflaeucG  of  Ion  iti  ILS 
let  10(1     Sl)iL]ic  ait  Iho  c  dipt     ^tlcsun  *  Uli  the  contc   A  ml    ^diiib 
j4C=J2     1    I  set  I     Lhctn  1   Cti  lot;nw  (peipcndi  ulu  tou46)  =  ia  lilow 
=  4    diiwjw*]   ipLudiculu  to  «ro  &n\nwioA(  tlon.mo=ii      f     «.»  w  the 
coi    Rp<mu%  dcutxst,  ol  Uie  difi  icnce  of  tlio  ippuontlontilulcs     to  find 
^  lucl    is  the  tinu  ILB  An     im  i  c  s  11  In  (mi*  bo  nt  vuy  small)   Aw  (90 
)    «w  (l   )    «r(l)    tm  =  l       which  iddo  I  to  SO  (,iveg  SO   4   tl 

lifluLUCc  ^w  oi  the.  xppd  ontlon^it-u  ks  it  tl  o  beginning  of  Uie  eclipse     AndC 
to  find  the  couospon  In    I  me   w  tlic  A  \  ivt  on  of  the  difle  once  of  the  lonbi 
tudos  vaiy  as  tie  time   4   22      2    93   (33    36  -flO   4)     10  48    which 

iddollo  )A  30    ives  9^  l     48  the  fame  of  line  le  tnntn&  ofthoochjwo 


n 


VOT    I 


J    t 

•I    h  U 
111   U 


1 II 

B   — 

t 


bl 


U    t 
I      LI 


n     i  in- 
L  in 


f  i 


n 

fll    ii 


i  i 
t  ih 


VI 

m 


hi 


no 

31 
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en  I    t  tl  e  tel  p  c  be  i     loin  I    n  ll  o  sit  e  pi  nei]  It    t  \\  11  bi  ncees 
to  put   lo\m  oil)  th     pc  ilion     As  unetl     htitu  le(i)  it  the  en  I  to  be 
1     c  =  33          thcu  v/   —     =    )    42    \hchdflienc     oflonitile     1th 
lot   nswcr  t   U  o  is  i      Hot  Inlc     Isc  w    J     6  —          8=3      a      n  1  2J 
(  —29    i    =11   ml  tli    mcieno  o(  ippucnl  litiliulo  i   10  is  0        1  ene 
j      8      14     J        0   nthich  shews  ihit  thoio  is  nothing  tc  b     1  1  ti  i  t   1  Aoi  i 
1*3    8  which  n  ytboi  (ose  bo  conMilcio  I  ia  th<    ipp  cut  hutu  1      t  the  en  1 
of  the  eclpse  iid  Uis  hi  is*   fl>  i  tlio  vmit     \  ippixit  lilitule     lici   t 
2J    42      1       88       which  t  ikcn  f  oiu  2     4      levvcs    J    Ji      I  i  the  diJ 
Jcienco  of  IOD  itud  g  at  tic  end    aid  to  find  tho  con  s^oi  In    time  sij    J 
8      17      (2J     6-2J     8    3    10     W   which  bubtiactodhoin  IM  40leue 
]!//  39    1J  tlic  ontl  oL  tl  c   chpsc 

It  c  tuna  of  thl  teatast  olscuiatton  luppons  lot  fi  Torn  U  c  t  o  ^1  en  tlio 
difieionce  ol  tha  ippiicnt  Ion  tulos  u>  equal  to  loll  ni  in  I  coiscquonU} 
btl\vecn  IQh  0  md  10A  W  and  to  find  tl  o  iipie  tlitt  I  nc^  1)  wl  eu 
this  happens  -wehavo4  JO  (2  -36  +1  31  the  \\l\  k  chu  oolii  11  1  i  ) 

2   S6    (tho  chwigo  ol  ip  dif  lon^  i  om  9/    10  till  tho  dii  =0)        (ll 
chu  go  of  ip  lit    n  10)    3  ihoch  i   eofip  lit  liom  )A  10  till  Uie  i]    dil 
Jong  =-0    h  nee   it  that  fouio  the  1  it  =12   37 


WjSCDicpiesonlUie  sun    S  U  cento    BSD  tho  ocl  pUc  A*  SC  peq)cn 
diculai  to  BbD   ttJWapoitonof  tiiomoonfcippuontpith    tiko  St  =  l^  97 
tliiw  SOT  peipondicuh  to  wM  ind  m  to  A1)     Now  n  10  tlio  clioii  c  olht 
tudo  IB        Jetwo=       and  diawaipuillel  to  S.D  tl  en  til  the  cone  ponlin^ 
Tauafaon  oltho  hi  of  p  Ion  itudcs  =  *  10    ind  Uioti  in  les  I  at    Sttnb  iiig 
eianlai   (?ft)  i   id     <*w(   )    &v  (13   87^)    wn  =  l      the  ippuonl  djflucnco 
of  longitudes  it  the  t  me  of  tlicgiciteatobfcciuition  tiutw   tisfl  31  IcssUii 
at  I0h  20  j  hericc  4  10     J   81      10         3B    which  Clioidoio  iddel  to  10ft 
flO  g  TOB  10/t  a     38  the  time  of  tho  giovtcstobscuiation 


Lwtly    IB  flp=l2    87    md  w»  =  l       S^n  =  v/U~~97  =12    37 

which  subtricled  flora  38     3  theic  roraiina  10   i       the  gicUest  qumUty  of 
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tf    cclpso    hoiKo    16    10  (the  sun  B  sen  d )     18    4     5    6  digits     7    10 
20  tl  o  U^its  ccl  pw  I 

II  o  cilculatnnb  may  be  rnodo  by  piopoitionol  lo  luthms  and  logaulhmic 
sint  thus 


Althobogimn   v'    -t  =v/3     21    -12=^/8      21-112x82    21-12 
=S/44    21    ~20    fll 

Hypiop  lo  11     21  p  I     6084 

20    21  p   I     9167 


2)1 


32  a          p  I    777 


At  the  I  me  of  Uio  gieatost  obscuiition  wo  bi\o  y/i       37  |  i        \\bicli 
lliu  compulL  1 

12    97  p  /  1  1    43 

1  4J   f  2  S    78 


Dif  lo     (-10  =log  tan  88      3  f  11  7050 


1 0      cos   88  0  8  J9C 

I  J)  ^       8   73 


I     37  I    1  1    9 


Ibus  ill  olliu  hi  o  compi  UUonfi  110  ma  Ic 

\\\\  IL  thcLO  iio^Lopoitonb  iho  ccraputilion^  aio  ilso  nulolypiop  log 
by  Lhtknouninlu    Sccuiy  JIL  tiboon  I  lane  and  Sphcncal  Itt0onomcft  / 

In  mil  11     Uio  ibovo  cilculitons   )ouhi\o  IQ  the  Nautical  Ahnanax.    llic 
sun  s  in  I  noon  a  Ion  itn  \*\  \n  \  tl  o  moon  q  lalitud    foi  ovc  y  noon  md  1 1  d 
Highlit Gieuvicl     mlhcncafiomiom  of  them  nouestthclm  es  ofihc  phiscs 
(I  the  c  hpsc  ) ou  n  iy fln  1  the  Ion  itudea «u  d  Int  cudo9  foi  tl  e  mumcd  tunes 
Lhcn  com[  uto  tl  o  poiiHaxcs  11  loi^imde  md  1  it  tudc    md  } on  ^ct  the  appa 
icnl  Ion  itiidci  and  htitucle     ^\ilb  the  moon  a  ultitu  lo  (\vbich  be  %  TCI; 
ncoily  UIL  Banio  witli  Uie  sun  B  you  m  iy  il  you  do  not  uso  a  globe  fin  1  bj 
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c  nipul  i     UIQ  lit  Lu  It  of  tl    liltci)  tnl  o  out  U  c  i    men!  I   n  of  it     n    n 
i  li        c   ho     U  o     I  TV  ol  lit  1  1 11    1  iblc    V  1  III     1    h    I  d  t 
(he   u     (f  il     I      /)  til    en  I  in  ot  rs  ol  II  o    in      il        i       ill       til 
1 1    )(  (]      j  i        I         I  i  tit        In  >oiu  III  I       l     II I     I     t  l 

n  1 1 1    f     tl  o  11     i   [  tl  c  1  y  \vliui  U     ttl  pst  i    t\j  cct  I  I     h  ij  j  L 
UM  )ltli  n     be  cviblt  I  to      ess  inoientuh  ll  o  I  i     ci  the  jl  it    i 
u  1  in    Ihilpuillw  ilwiysu    c   tlio  noon  1m  Ui  L  loin  ll      KI  i  c        F 
It  L  o  ll  \t      w   t  i(  tho  nu  n  I  c  to  tlio  we  L  ot  111  it  [  mil    1 1 1  c    t    I  i 
ll    tnl     J  01  C  i  cuwich  the  htitudt  icduu  I  to  lliL  ( \  tl  s  ccnici          i 
11  llu  icu  si  ippi  )ich  of  tlie  ctnlti  pnc  d    U    tcl^lit  tonj  u   tioi 

t  U  litiud  b  increann  buL/j//)  s  L  d  maim  "^hc  ic  u  I  lilio 
ll  i  i  ]  i  illi\  i  ompul  n  tl  c  ]  i  11  \  i  loi  lu  It  ind  lit  ink  tic 
n  oil  hoi  /onl  Ip  nil  PL  lusl  bo  cb  iimiblicd  1))  J 


iZio  ft  ace  mil  the  Palli  on  /7/c  Sur/&«j  o//7/e  JCfl;  ///  r  Jaa  (lie  Eclipse  r  ///  fe  cen 

to  at  o)  /  t  any  nutnbet  of  di  ito 

n  81    I  t,  r/fDbctJtoil    1  tuiolhumphoie  of  the  coilli    OUtttnlci 

'^     of  Ih     IUK^  Oi  tb\l  po  1 1  to  which  Ihc  smi   s  v    U  d     TOC  Ih   \  lint  of  llio 
Ipti     OC  p    itmlciluu    I   7   Oicno  tl  i   1     jc      10      v\telJAr   L 
H    LI  I  tic  |   111    /Ih       nt      f  tht  i     u  ibi       jncc      ll  bt  i]ontli  jlmt 
Howl  fl   Lh     1  c\    illb    <ill(    i^l     illy  pi  ]  tic  I    lie    foiiti      ul  at 
ol  tli  il  pi  jtt  (  >n  th    ul      iO    i   n  Uit   u  i    t  w  11  bt  L  JU  il  t    iht   ingl  s 
nt    -ftl  d    Ik)   uc  p    iu  1     1    \v  Hit  jlut  ii]on  \vh   li  ll     coilti  ci  Hit 
n  ran  i   pi  j    tt  Us  in  in  I    Ll)  ilul  point  nlh    tuLh  who  o  (1  o  cchj  tucou 
Inl    bn  i    t  the  i  (jutoni   mil    Ly  linos  d  iwito  tl    tcnlci  of  Uiosui 
J  ( L      b    ll  (  1 1  ]u  I  I  u  ul  i     I  llu   i  ia  u  at  my  I  ne    oi  Uio   cdl  ctntci  of 
1 1     i   i  u  il    i     xil/7    uj    u  en  ncu  h  in     "N  w  \vo  1  now  Ov  ll  c  no<  n  s 
llti      il  tl  c  t  n  t  oft  njiniclioi     ul  (  7C)  111    in  lo  Ot/    ml  11  the  tint 
^IILU  Uit  r  ntci    )f  tht  ptn   nln  i    il  /  is     \LI\    lie   tnt  thiougli  /p  is 
1  nc  \i     u  1  Ibt  iclitivt  homy  moUou  ot  tho  noonbuu    lno\\n    tf^uillbo 
Ino^vn    I   i  ct   \vccuinnl/0    nllhcnlo/Oi    finl(  3f)  ll  c  ingle  lOt 
ID  I  ^ft  si   II  li  \o  Ihc  ill    /  O/     Now  consul  i  IO  ml  /O  w  two  ci  lei 
upon  tlia  eaith  B  sin  i  wo   then  tJit  in  Ic1  1  O/  between  them  i    cqnil  to  tl  t 
innl    POS  of  piojocUon    ind  Uicitloio  1  nown     Uso   the  nt  &Q  s  tl  e  com 
plti  cut  of  thq  sun  u  dt  tlmiUoii     in  I  to  nn  I  the  TIC  /O    A\     ni  st  consi  loi 
/O  1 1  tl  c  piojeoUon  to  bo  tho  B  nc  of  the  i  c  p  ejected    1  cntt  llio  aic  /O  is 
ttul  -whost  s  10  n  lo  a  I  us  is  O/  lo  QA  thoiefoic  wo  know  llie  uno  of  Uie  aic 
SO  intl  tonscqi  nlly  wo  got  70  itself    hence  m  the  sjhciiciltiiinglo  01 S 
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*o  1  no*  PO  07  in  I  ll  c  i%le  PQ?  to  fin  1  1  /  \\  c  c  m[  kmcnt    1  the  1  Ui 
t   Ic  of  U  c  pi  ice  \\1  c  o  tl  c    cl  p  c  s  c  nl  \\      1  i  I  il  o  tl  c  uiDk    0J 
then  tl  o  lime  at  tlio  IK.  i  I  u  I  tt  b   ng  kuowi     tl    <u  gle  O7  ^    (Ih    su  i 
d  I  uco  f  om  the  men  I  in)  s  kn      i    1  em  o  v  c  1     ^  tl  o  in  It  Ll  /  tl  c  1  n 
cjlul    ol  thcpo   t7fonthc       idn    J  .0    U     <-l    o  Uioht  tule  uill<     i 
t   I   ot  /boh    I  no\  n  Ui   pc  nt  /      Icto   in    1    H  c  the  c  1  p     \  i       n 
t    I  it  llL(,ivoutnic     MU     ll        il  ihl  >    f     c\oj    Lit          h  If  I     u 
i  i    11  ll  e  I  me  ll  o  i  ei  mib         I    c  b  i    /     \    1  3   i   will  l        (  L  t  \\  \\  U 
sificcof  tic    utlilU   i  111  of  U     cc  lei    (Hi   ic       il  till  I      Ml     t 

the  c  h]  s       ccul  il     II  \  o  1  11      /  lo  d  \    fe,  I  ll  c  pi  i     wl       U  c  s  in  n    9 

cnt  illy  tli     1   i  d  f/bcbi  u^htlot  wo  sliillfind  who  c  tliosnn  ct  cen 
I  illycclj)    I     If  /one  Ic  \uih  r  w     cl-tiic  jlico  wleielho  aim  is  ccn 
t  ill)  ccl  pst  1  upon  tl  c  nui  lion-    I  Ll  y  be  tho  cuitoi  of  tiio  pc  im  ib  i  \  1  ou 
it  1  ist  Inichw  tl  c  c  ulh    md     U  o  ctitu  when  at  kavos  Iho  pulh    m  1  Ui\v 
Ottpciitndculu  to/^7      llcnlno\\  i    Ov  md  tha  angle  OLI     ic  cm  find 
O  u  i  id  i  Oft     ils<    ^y  =  sc     lei    c  ™  I  p(-»  iml    jsl  n  \vn     1  en  c    u  the 
u  hi  in  loll   in  1   yOc  \\c     I  the  i  i,k  yO      uidlhoicioi    velinvjOv 

ml  POwb  in    ilpalyl    ml     e  know  /OJ     h  nc(    in  tlio  liianglt  1O1    ^c 
Incw  /0(=  )0)  1O   nndllc  in  Ic  J  O/    I  cncc  wclnl  J/  ib    ttmpliicil 

ttlc//Wtfrf  of/  fnUli  O//  i  Iwe^l^JiU  1  ituliof/  i  tie 
fnc  nci  lun  J  J)  Ihii  ^\o  cttU  ph  t  M\l  c  tlu  i  lp  e  ni  (  behn  a 
Uit  sun  i  nj,  Jn  like  mannci  we  ct  the  plxct  a  ^vboi  Uie  cchpeuL]  wt  uuh 
it 


1\    In  th    f  'it  "jolar  ecliHCvh  li  wol  no  I  eioconipnlcl  lebit  be  ic^mi  d 
t<  (nlllulihc   ip  11  Iho  tulhs  suific   \\1uio  the  sun  is  cent  ill)  edp  ul  at 
onoodil     \\pii  itti  ic  it  OK  ouwich     In  tl     n  001  =  11     <)     nl  ih 
in  Ic  (h/=i       1       n  I  is  tl  c  tine  it  t  i    ll     0    udthtcuilu  <f  ilo^Ln 
u  ni    i  H  il/  it  cm     cl  el    Ih     I  moll  <u  1     /=l  3    w    wl    1   tt\c   »:/ 
-  )    a     h  mo    /0=         )   ih    x«Blc  (>/  =rH1      J   ^ntl  /0t  =1        6 
iN  >u  ih    1  1  1  w  tX       *     f     hen<  e  llio  uc  O/  i  \  on  ih    smi  itc  (co  c  poi  d 
inj,  t>    t   p  )1  cl  in=         J)  =  41     4     iho   10=    1      -30    ill  (   iO)  /  O 
=  J      22     her  ec  1  0/=J     f    conseq  lei  Uy  f  /•=.  4       i  J  Uic  co  nj  Ic  nent 
of  wh  th  is  44     17  iho  hi  Indo   Jl  tl  o  pi  co     il  o  //  0  =  8       1      but  U  one 
oeloek  ippucnllino  xlCiocnwich    its  me  idjan  Bl    inkca  in   nglc  of  1 
w  tl   J  O  Gxecnwich  bung  upon  that  moi  d  in  at  12  o  clo  1      I  ciicc  Bl  7^. 
23      1  the  lougJtade  of  the  place  west  f  om  Giccimch     Ju  hi  e  m  innci  miy 
iny  of  Uio  olhci  phenomen  i  be  calculated 

582   Djaw  OTPpeiponl  culu  to  JM  and  tike  uc=  e  oquil  to  tJ  e  sim  o£ 
the  sumdiimotors  of  the  sun  and  moon  mdcbawrfc/™t^  puillel  toZAf  thcu 
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rf/*an  1  4^  will  mm!  out  tl  c  Ixw  i  hues  of  the  eel  \  ae  or  II  o  \  1  icos  wl  OKI  tho 
Inb  of  ULS    mlm  01  jnst  jpci    n  conticl     Sothatif  woliko  the  mooi 
H  in  yi  he    /idli    /\    icnhcilut   #   ml  compite  thehl  iudo  aid 
1»     I    le    filci     it?    n  Hi    sin     i  annoi  a&  \\o  dd  Hut  of  Z  m  the  list 
A  Li  k    it  \  ill  A  \0  tho  pi ico  vho  G  U  o  I  nba  of  the  sun    1 1  moon  apj  eu  in 
nl vet  oiilM  welly     If  MI  t il  o />  oa  tho  othci  si  lo  of  ZAA  we.  si  ill     n  th \t 
id    t,ct  tl  c  1 1  ice  \  I  tic  they  ippc  u  in  contict     If  wo  do  tl  is  foi  ovoiy  quii 
Ui  t    lulfhoLU   weshilLtiacethcpith  o\o   the  su  hcool  the  oulh *hoi e  Iho 
Jinbsof  Ihosunailmo  u  ippeu  in  contact  o   ih    bomlmcB  of  Uio  oclipso 
llin   ^     can  1  y  down  upon  il  o  uiitl     suilaco  that  U  id  ovoi  *h  ch  the  i  onum 
bn  j   s  us     II  tv  be  dn  dul  nto  twclv    ctjuU  put    md  c/  be  tal   n  cqi  U  to 
il     t    /Utn  ici   nstuic     aul//Tbodiiwipi  ill  It   I  jtf  and  tho  phco  of 

1     c   upuL    I     tfcucsllioplice  vho     Uc  in  Mil  be  Uucc  1  feits  ctli)  cd 
i  n  I  in  111     muniui  i   btOic  my   llic  ttott  on  llr    ci  Ui  s  su  hco  bo  mil  ut 
»uu\h       Lh      un  will  ippcni  Ui       dibits  eclipse  I      ilhosi   ei   mnci  w 
ill)  Li  ite  out  Iho  path  lo  1113  numboi  oi  li    L     II  va= oi  a  d  ab  be  the  d  ff  i 
me    btLvi  en  thcappucntdmmcLu    of  the -nm  and  moon    aiclvff       Mb 
liinnpunlkl  I    /./V    tl   n  il  tie  di  molci  ot  the  moon  bo  g  o\to    Uiin  thit 
ol  die  sun  the  sj  i  e  between  «    an  1    7/is  U  o  Inn  t  foi  the  totil  eclipse   1 1 1  if 
Uie  diamctci  of  Uie  sun  be  the  gioivtci  it  Mill  o  tlie  limit  oi  tlio  umulu  eel  pse 
lliib  mcUipd    f  dolmcilm    tlio  line  ol  the  i  hasei  1 1  o  Ulic  ciilh  g  suifwo  sup 
[oscs  th«,5  ihe    ijpii  nt  ncn  est  1  tince  ol  the  c  nU  s  of  tlie  sun  ml  noou 
i   )(  Uio  coi      p  nln     loin  upoi  the    claUcol  t  ol  tho  uooi    ml  upon 
tin  illj>      i     n  i  line  \    ju  lit  ul  u  to  Iho  moon  a     I  liic  obt    butUiisis 
mt  KCIII  itely  tut     nl  thcjcftio  tho  1  hnevtion  tumotbc  iccmite     II  is 
lilt   Mill  h iv     Wl  lent  pos  Uons  it  difleicnt  phccs  foi  tl  o  some  phisc     M   lu 
Si  TOUH  pi  OJH  sc    tlu  i  eloi     to  t  il  t  th*  me  in.  vn^lc     He  lonn  I  in  o  101  of  3 
J  3      in  lon^itu  le  ind  erf  J      1 J  in  tfmo  ol  tlio  conUiet  foi  Iho  1  it  tudc  of  16 
n    b)  supposing  it  to  litippon  i^on  \  pc  penl  eulu  to  tho  ichUo  oibit 

fl  *    M  clt  1 1 1  ANDI  b  is    u  en  the  followin    &i  iph  e  U  metho  1     Di  iw  T  Rl 
on  vsqumtc  peeo  of  pnpoi     nd  livido  it  aotlutby  novmfcityou  my  bi  ng 
iiijlumit    t      Ihe  ill   fo     nsUincc   tlio  01  bit  b   novodto  tho  light  till  tl  c 
lime  ol  1  llin    on  t  bo  one  Iioui  lite  tlim  tliit  foi  A\h  ch  tho  c  nsti  ctioii  MIS 
JjisL  mod     it  i    in  i  p  c  i   i  irosition  fo    i  phco  1     to  the  east  of  tl  it  pi  ice 
Jot  j)/ be  in)  pi  illclof  litilule   uul  d  \id    it  into  horn     &c  thcnnovelh 
oibit  /AT  until    AViU    in  extent  of  cornpws  oquil  t   the  sum  of  Uie  sem  In 
mctois  oi  Iho  bun  and  moon  you  can  n  ake  Lho  i  oint  f<ill  on  tho  s^npo  houi  both 
on  $q  and  7  Af   md  ttt  the  a  imo  time  tlj  it  it  aboil  bo  the  sho  t  st  distance  bo 
tween  any  two  coi  capon  hn    hou  s  on  p q  a  1 1  L  V    then  Iho  eUffuonco  of  Uio 
houL    shown  vt  v  i  contequcnce  of  the  lomoving  of  tlio  obt   dhows  tlio  1  n 
ul  ihc  }  1  we  fiom  tl)  it  foi  which  the  piojcebon  wis  macla  and  the  \  a 


ON  v\  rcju  *  or  i  it  si  \  3 

the  htitude    ihuofbie  tl  o  ihce  on  tl  c  euUi  s   mf  cc  i    icte 
U  e  Ji  nbs  just  c  mo  nto  c  itict    ml    Ic   the  1    c     Hi    ^  o 
miy  cpcilfo    v.  minypuillclsofliUwl    i      c  plci  c     iltlust  i  eoittl 
onnoonlhc    i  idee  of  the  ei  tl     hue  thel  nbs  j  st  co    e   it    coiti  t     1 
Ijl  L  minnci      J  u  t  lo  ui  e  teil  rf  c  ui  i  s        i  ll  OBID    d     ictc  less   uo 
113  y  U  u  o  c  uL  U  c  i  uh  \vhcic  the  9  n  i     i  o   li^  t  cd  i  sed     in  I  so  fo     ny 
oil) u  ]  h    L 

S  i    ])u(   the    cuci  1  phi  ion  e  i    n  ij  b    in    1      o  c  c  a  ly    i  \  \  \\  d      iT 
dent  ice  i  u  >    dele    i  lie  1 1  y  i  CQTI  n  i  gl  I    U  is    B    i    the  s  i    s  pin     S     r  r 
i(  the  bi  i/iii  mid    i  J  J     ct  ti  e  1    ui     d  x  to  i     i  d  bu  »  tl  c  n    t    d  c    138 
/crulh    i  nil  /    m  ih  vL  ^  o  nt  o    the    lobe   extend  i  d)  cid  A  W  peij  e  d  cuh 
to  ill    tcl  plic  /(      Upon  i  snidl  st  digl  L  lolLAJ  let  tl  e  eboomoieible 
ciicle  adhn  \  hose  ccntci  t  is  in  tho  niddlo  of  the  od    nd  let  iLa  id  us  be  to 
•Die.  i  idnw  ol  Ui   £,Lcbc  is  tlic  01  idi  i  nctoi  of  the  pe  u  mhi  i  is  to  the  I  o      i 
til  poinllixoi  Lht  110011     lot  tl  cJt  bo  Uo  moveiblfi  ip  ght  p  cc  s  itt icl    1 
to  the.  hou/on  oi  the    lobe    ml  cipiblo  otbci    i     1   tinytiojo   t      t 
dist  nice  Sr  c  qu  d  to  the  moon    1  lUt  Ic  it  th  t  n  o  ol  U  c  eel  pi  c  oo  ]  net  o  i 
let  the  ig  I/  l/ciLLll>  iluoil  i   i  \  1  uic  toujcl  igihcgl  be  at  S    nl  nil  n 
in  m^U  A/i  S  ( q  ml  to  thp  in  Ic  wlu  1  tl  o   cl  il   o  o  bit  n  1  os  t  th  1 1  c  pen 
<li  ul  u  to  Uc  lohpl  t    a  bcloic  d  icctcd     lud  i  tl  a    ti  ilonl  ttle      Ib 
fl\  tl  to  llu    ibo\c  nitntDucl  iicccs   tl  ichcd  to  the  ho  /oi     It  loZl/bc 
d  \  i  led  ( is  in  Aat      (  )  11(0  L  me   ll  o  U  uc  it  d  o  pomt  v  b    i    that   f  U 
ccliplc  conjunction     nul  JcL  tlio  boil/on  ol  tlio^lobo  be  fixed  ex  ctly  pinllcl 
to  tho  hou/on    in  1  upon  i  flno  tlu  cod  i&    i-q  end  i  B  nnll  c  meal  A  e  gl  t  v,  Ui 
in  iuitc  \  itcx    cvuy  th  n    bejn    tin  s  piep    cd   T>   }  occcdtlufl    h  tpic 
misui^    ll  it  the  cuclc  J.J  J  r(concilin    -will  tho  bo  u  n  of  tho    lobe)  con 
to  us   ill  th     pi  ices  vhc  o  the  sun   s  in  U  o  ho  i  on   llic  -we  loin  1  c  n  spl  c  e 
conLiin  n0  iho     A\!K  o  the  bun  is  ji  m     ind  the  o  stc  n  viht  o  tic  sn 
s  tU  i 

(  \nj  tlu    centc    of  tho  p  numln  lo»  \h  icjo    fnd    Ij  siapci  1  i    tic 
thtillj  in  it  \c  phci)  tl  ititsp  ojccUon-\  oullj    tlouchtlcc   U    tt  tl    i 
tm u  tl  e  1,1(1 1  Ull  the  nkx  sliows  the  simel  oi    s  (Jicpnntf    and  tie  p  nt 
fat  thit  Uuu.  is  the  j)luefu  t  Urn  licl  by  llopouutib  T    iilll  ooclp  e  the 
bteins  nt  sun  iw     (  viiythe  ceni  i  of  the  jon  mba    to  i    a  q  i  to     f    i 
1  am /onviulsfoi  insUnec    ind  act  llio  ^lobo   gint   Ihittmo     ulitthtl 
tl  10  id  hiul  (lie  po  ntt  1    ft    whci    Uic  pujccti   i  of  the  ciicuuifc  encc  of  tl 
1  cnui  il  1 1  would  inloiBort  the  cuclo  7  CVL   and  t        a  o  tw    otl  c    po  nts 
whcie  (he  oelipse  boguis  it  sun  11  o     J3y  prooocdu     thus  th  o  itol  the  -weatc  i 
poit    wo  may  find  w  m  my  points  is  -fte  plo  se  whcio  tho  eel  pso  I  c    IB  it  aou 
sc  and  by  diiwin^  i  cmvo  th  ou^h  tlicm  ve    otihcl  icto    th   en  ths   n 
i  xeo  whuo  tho  cehpso  bc^ina  at  the  uun    of  the  sun    But  nhhen  \  cornea  yit» 
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the  oa  IP  n  piil    ^  e    ct  Ibo  1 1  icci  \bc     tlic  cd  \  sc  1  c^n  s  at  snn  sot    consc 
quc  11}  llic      n     pi  si       ill     i^l    tl  ei    9     cont  11  ilion  oi  Ih    en  \o  *1     h 
I  is  e    ll        I    ill  tl     ]  1  L  s  ^  1  ei    tl  c  o  I  ps   b      is  ;t  su     i         p  o\  de  I 
tl  c    1  )le    (  ti  c  pen  11  b  a  loos  not  f  UI  nj  o  i  tho  c  ulh  it  ll  o   t\  U11    ol  the 
cli]  o     U   L  i     il  0  be  til        (Idle  oi  Uio  gent  il  oct  psc   intl  OJ  I  e  j     j   n 
1  ul  u  t )  I KI  in  U  o  p  ojcclion    when  0./  n  less  ih  u  tho  i  uh  i»  frtj  ol  ll 

I  cm  nil  i     li  Ol^ll  UIG  cmvoflloich    ind  il  01  bo  g  citw  U  u  rt   Ui  ) 
i  L  scpuaUjd    because  Uie  ponambn  the  i  pusses  01  i  a  p-ut  of  the  ci  ih  lilu 
it  leases  thowestein  side  bofc  o  t  con  os  t<  U  o  ewtc  n    xnl  tiuuefoio  in  Uut 
u  loivil  tf  t  sun  isnotccliiwlto  my  put  ot  ll  o  ciicumfuenco  JLI  VC 

J)  \w  ha  pc  p  nlcuhi  to  JM  \nt\  ac  \  \\  illcl  to  it  and  whon  a  ccmw  to 
c  ll  nlu  cli  n  n  i  ftsLlj  begins  to  bi  k  wiltho  i  ut  ffrfiwill  itui  cut 
J(J  udtl  i  h  otlicmtc  cct  n  \\illshwtlopntsinU  1  on/on  Out 
tl  o  tchp  o  end  ts  i  sol  i  i  llitulocilj  ol  tb  pun  ibubcn  ^icilo  thin 
tl  U  oi  U  c  uitli  ibont  Us  i\  UIL  pcnuml  i  v  must  kivo  tlio  p  ml  uhuli  I 
then  touches  Audioi  this  it-xson  tliu  ccl  psc  be^nswhc  c  bto  uls  Jit  I 

II  net     s  c  is  a  point  whci    tho  cthpsc  ccxacs  to  be  in  it  un  i  so  u  1 1  c  m» 
I   on  I   Lsmscl    U  o  cu  vc  sho\v  in    tlioplicos  when  iht  ocbpaebe  us  U  sin 
n  ug  is  continued   iilo  tho  cnivc  \lich  sho\vs  tho  places  whut  Uic   din 
cuds  ilsnnihm      anliB*  indwmect  igui  on  tho  ei  tun  sdo  ol  the  cnih 
the  CUIVOT  thoic  i  cot  a  am      When  the  oi)ie  OJ  i  Ic  s  thin  Yf      o  lm\    a 

no      cuivointfccioim  if  I      MJ      ihe  vilcctv  cl  ll  L  pi  t    >ftlioeitb  i  om  U» 
13J      loliUon   bcn^     i    ilest  Dwiuh  Liu   tquvloi    ll     o\  ils  w  11  bo  n  01    open  to 
wuils  A  ami  h  Hi  11  Lou  u  1    ( 

nc          I/0y=7Z   tl  t  twc  o\  ih  louch  as    ill     no    but  tint  nuiicst  Ih    i    1   i 
HO     double 

IIG          If  O2  be     ciloi  ll  in  7?   tlio  tvoo\  Is  will  I  e  luichtd  \    nl       Hi    but 

m       f  tlic  peipcidiulu  D       i /V  (mill    pi<j  et  en  )  leloss  tlin  K   tlic  OM! 

ncaiest  the  p<k  %  II  be  Uuhl       Iwo    m\     AJi  t  J)  Uueh  i     tlu  ovil    t  nd 

(o  me  1  1  y  the  ]  loject  on  o(  /  utd  /    will  I  ow  \\heio  tlit  1  n  bs  ol  Llie  sun  uid 

moon  wcie  n  contact 

lie          Il/jl/lillbe}    id  tlu  oarth    01   (  O  ho  on  the  otliei  si le  of  J    tlic  cm\c 
138     v  lib    lie!  &   UJuntilZ)    be  toieat     Uim.fl    iMvh  ch  cise   Uiocunel 
COIICT   isinplo  ovil      nd  vhei  O/  =  tt  the  oviH  inhes      lice  c  icum 
stinces  wluch  win  buii  lyM  d   LUIBEL  ippuu  i  om  Uio  ibove mcth   1  oi 
dohncaUon 

Lhe  piojocUo  i  of  la  *ill  hi\o  the  n  iddl   of  Uio  cchpso     Ihe  wostoin  put 
oCVC^  vhiehaa  cutby/flin  thopiojection  wlhep   i  twhoie  the  cclpseism 
tlio  mddie  at  sun  i  oj  and  whoie  the  coatein  put  of  tlio  hon/on  is  eut  by  it 
it  shows  tho  po  nt  whoi    the  ujid  llo  of  tlio  eclipse  la  it  s  m  a  I   When  <  cornea 
to  c   tho  globo  be  ng  ic\)Ubtcd  to  th  it  tirao  (J  is  a  point  of  tho  foimer  tand  but 

i 
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here  tbo  ocbpse  u  only  foi  a  mo  ne  it   oi  i  iti  e  theie  u  no  eel  psc  tl  e  moon  i 
li  i  b  only  to  ich  %  tint  of  the  sun     A  tl  o  unmi  adv  ices  ab  wH  cit  /X-F 
it  somo  (Uici  point   ab  T      to  tie  t  me   lonotel  by  the  cc  t  i      i  \juat  tie 
plobo     u  1  «t  i    the  phce  upon  d  e  c   tl  wh    ethei  id  Uo  of  tl  o  eclipse  ait 
M  n    is  ng      And  Urns  uc    niy  fin  I  my  i     bei    f  su  h  pi  ces     nd  diiwa 
cuivo  aiJJDyJ   pwaiiff  tluougl  allthophc     wl  e  o  the  i    d  U    oi  i!  e  eel  pao     no 
ji  it  the  i  «unfl   rf  Ihtsui      A  U    1        i    dm  CIBC   i  i  t  bosi&pend  d  f  oi       13J 
fa    iLwU  bo  ni  ic  ccnvcu   nt  t    hue  the  peiu  ib  idv  led    t    two  p    L 
tluoiipb  ab      )  thit  lluy  my  b   scp  iited 

Ic  t      oo  t  the  tilictUainiibioetliccitl     1     iglytlol  o 

the  cento  Lc         ic  li     i  Uwi  ojc  tonwiU  J.CI  it  o  an  I  x  ljubt  d  e  globe  to     1  8 
lhal  time     ud     Mill  1  c  th    jloce  wheie  the  cente  of  the  u   bia  fliat  touU  01 
tl  o  01  U       C  my  o  Hi  c  pcuumbi  i   a  qu  itei  of  an  1  oui  fbi  nstance     u  I    \ 
j  lit  Ihc  globo  U  the  Umo    in  1  ]  oject  too  cente  upon  the  eaitl    and  it  g  vei 
die  point  wild     the  tcJipsc  a  centiilit  Ihit  time     Tnd  thu     s  nany  po    L 
s  j  on  pic  wo     uid  di  iw  i  cuivo  Uuough  them  ill    ud  you  get  tl  o  i  ith  of  tJ  e 
cent  i   oi  iht  pcuumbi  v  ovei  tb    oulh   show  ig  ill  those  places  wbo  e  the 
oclii  o  wis  ccnUttl 

Jl  the  pcuuinb  a  bo  foiuiod  by  1    equ  d  stint  concenU  c  wuea   the  1 1  HJDO 
moiu  oi  my  one  oi  tlio  dibits  ny  ]  e  I   ced  out  n  the  same  manuei     tl  it  a 
we  can  find    /  >i  iiisUnco    all  Uic  ^hceH  vlioio  the  eun  a  th  ee  d    its  echpiod 
at  its  aisinta  and  scLLi%    and  tho  UocL  whero  Uio  aun  n  tlueo  bgitafbi  the  time 
of  Uii.  cell}  <jc     rho  fclobo  haio  used  ahoul  I  be  one  which  lias  the  houis  maiked 
on  tho  cquatoi 

Lhc   ncthod  of  tiaoin^,  out  the  diflbiont  cuivea  was    I  believe  fltst  given  by 
£1   dc  Ja  CAIIIL  in  hie  Aetionomy     M  du  Smouu  haa  given  on  anilybcal 
motliod  of  laying  down  tho  cmves  in  his  l\attt  Analybquc     But  these  oie 
itiitlois  lathoi  tl  cuiiosit)    than  of  my  icilu  om  Aat  onom)    If\se  place  the 
uicJo  1  1C  V  ]x  ipi  n  IK  nil   to  the  hoiizoi    ind  voit  cal  t    S  a  st  onto  lamp  be 
i  xod  in  the  i  iinc  ipal  focus  of  i  doible  convex  lena    so  thit  the  lays  nuy  be 
lluowu  ]wuillct  tij  f  11  Uio  ^Iol>o  and  pcipondicul-u  to  E1GY  the  ahidow  of  tlio 
penumbi  i  w  11  ^  t  tho  point?  ol  p  ojoct  on  leq  u  ed  instead  of  tl  o  plumb  line 
J-hns  wo  mil  i    i  conno  jn  globe  inawei  Uie  pi  \  oae  of  an  Eclipsueon     uvent 
csd  by  Mi   Ijiuusov    uid  dcwubcd  m  his  Aat  onomy 

8  As  UICLC  uc.  not  m  my  poisons  who  have  an  oppoitun  ty  of  see  ng  1  to 
f  il  cclipso  of  the  HUH  wo  *hill  hoie  give  the  phfienomeni  wl  ich  attended  tl  at 
on  April  22  171  Oaptun  OIANNYAN  it  Bom  n  Switzerland  s  ys  tie 
aim  -was  totally  dink  foi  foiu  minutes  and  an  bill  that  i  filed  stai  and  pUqet 
ippeued  veiy  lujglit  uid  th  t  t?  getting  out  of  the  eclipse  was  p  eceded  by 
a  blood  icfl  sUcal  oi  light  flora  its  loft  limb  whicl  continued  not  longer  than 
*ix  01  seven  seconds  oi  tiino  tlicn  put  of  the  aun  B  disc  appeared  aB  on  a  sud 
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len  is  Li  &hl  i  I  t  u  \  \  c  u  seen  in  tlio  i  lit,  nay  b  htc  ind  in  Ih  t 
t  y  uwta  t  &i  c  a  1  Hudshid  v  Ic  Ihn  sstioi  is  moon  1  lit  i  sod  to 
1  Tic  iiiuonce  di  un  f  ora  thcjcihain  mcni  i  Uiallho  noon  his  in 
I  no  jl  tie 

1   C   Tver      it  Ccnevi    says      thee^asseu      umn    tho  wl  olo  tine  of 
tlcDlili       (r  01     i  whit  ic  s    Til    1  see  icdio  he  koutf  omlchndUic 
nim    in  I  to    i       ipis  1     i  ill  sides  equally    Is  bicadlh  wis  not  die  twelfth 
pi  L   i  the  it  0011  a  d  u  K  lor     J  nu    S«/w  n  and  Afo  cvr  y  veit  SOLD  by  m  u  y 
nd  I  Uie  I  y  ha  I  boon  cle  u  nany  inoio  at  is  migll  1  ivc  Icon  seen    indwtli 
tl  em.  Jitpttet  md  Mars      Some    onllowoiionin  the  counl  y  aiw  moio  thin 
16  slii  a    in  I  mny  people  on  Uio  moi  nloins  saw  the  sky  liny  n  sontphco 
wheio  it  wit  nc  L  oveicisl   o&  dui  n    tlio  n  ght  it  tho  t  mo  of  tho  lull  moon 
iho  clu  it  on  of  iJio  lolol  d^l  no  s  vis  Ih  ec    i  iul  s 

D\  J  J  Scucu  U7  n  it  /uich  si}?  Uiat  botliplaiets  indficdetaia 
•WGIO  &ton  tho  bn  Is  went  to  cost  Iho  bats  came  out  of  then  holes  ind  the 
folios  aw  i  n  ibout  we  e\pe  icncc  Ian  imf  et  aonse  of  cold  and  the  dow  fell 
upontho  glass  Tho  tola!  dulneeslitttdfon  iiinuta, 

Di  n  vi  LI  Y     who  obwi  ve  I  this  oclipse  it  Lon  Ion   hat  thus  yvtn  tl  e  phac 
nomoni  atCtn  hng  rt        It  i  is  itm  wwlly  obsc  ved  that  \vhcn  Uie  lut  pi  I  of 
tlio  sun  lomainod  on  ttcftblside  it  giow  vmy  fa  nt  ondwia  coaly  snppoitiblo 
lo  Uio  n  A!  od  Lye  cvevi  Ihionghthc  telescope  fbr  above  a  m  nute  of  t  mo  boloie 
tho  tot  1  duknoss     whei  w  on  tho  contiaiy    my  eye  c  uld  not  enduio  tho 
splondo   of  ll  o  01  10  fi«  g  beams   i  the  telescope  fiom  tl  o  fi  si  moncnl      To 
th  s  pcilups  two  c  lusts  c  ncmr  1    tl  e  on     iJ  at  tlio  pup  1  of  the  eye  did  ne 
cossuily  Iihio    I  ell  dm  in     the  dulnus    which  befo  ohil  been  much  con 
t  acted  by  1  x>l  n    01  tho  sun      Iho  othc    that  tho  caslo  n  p  uta  of  Uio  moon 
hiving  been  hcilolujtfi  adayncii  as  long  as  thuty  ol  OLUS    nuattf  ncces 
wty  havo  thai  piit  of  i(s  atmo  phoic  leploto  with  vipouit    101    I  by  tho  long 
cont  nntd  action  o£  Uio  BUD    and  by  co  iscquence    it  wu  moio  dense  no  i    the 
moons  suifico     and   inoio  capable    of  obsfauotn     the  li&Uo  of  Uio  tuns 
bca  n       Whcieis  at  tho  auno  tine  Uio  wosteni  edge  of  ll  e  moon  h  d  suOUod 
w  Ion    a  n  f,hl  duung  which  tune  llieio  mi  htf  11  n  lews    11  ll  e  vapouis  Uiat 
woio  101  ed  u  tho  pioctdinf  Ion    1  y    andfoi  Uiat  icison    that  put  of  its 
iluiosphup  mi^hi  bo  seen  much  moi    puio  an  I  ti  inspatont 
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ON  AS  rcniar  or  raE 

Ybont  two  m  m.  tea  bcfoio  tie  total  nn  ISM)  theiominn  putcfdoBii 
tt  i  I  cod  Lo  i  voiy  f  no  hoiu  whose  oxti  em  t  cs  see  nc  1  to  1  )so  tl  cu  ICL  I 
nosy  in  1  to  bocomo  101  n  1 1 1  o  stu  Ai  d  f  tho  spico  of  bout  qu  v  tei  oi 
\  m  ito  i  sra  11 i  icce  of  tl  o  souG  o  n  h  in  of  tli  cl  \  so  cci  i  1  lo  b  cut 
ofl  i  i  the  icst  by  i  goo  I  into  \  d  i  1  1 P  *  1 1 1  e  \n  oblo  0  si  u  oim  Ic  I 
it  I  olh  ends  v,\  h  ipi  i  n  e  (  1 1  p  oc  c  I  f  n  othc  c  BO  b  t  U  o 
ncq  1  tie  of  th  noo  i  s  su  fi  tl  o  c  be  o  e  clevilc  1  piits  tlici  oof  i  e  i 
tlir  1 1  on  oi  ihei  i  \  olc  I  j  wl  cl  mt  i  L  o  \  \  i  f  tli  it  cxc  o  Ungly  i  ne 
filun  T  t  oi  1  tht  M  \  nlo  c  \  tc  1 

A  few  s  coil    b  fo  o  tie   in  \\istol  11)  h  1  0  eie  1  scxnciol  t  clfionml 
Uio  noon  a  lain  ions    i      ibo  t  a  d  c,it  01  pcihips  i  tontli  pi  I  of  tl  o  moon 
d  imct  i    ill    dtli     It  wi  of  i  pile  >  Iiitcnesfl  01  lilhci  po  i]  coloui  seeming 
to  n  c  -\1  Ul   tm     I  witli  tho  coloi  is  of  Uic  nn   \n\  to  be  conccntnc  \viih  the 
noon    whonco  I  uududcd    t  wifi  Uio  moon  6  ilmo  phoie     But  tlio  ^icqt 
1  c   1 1  oi  it  fu  o\cccdn     tl  it  of  oui    a  th  s  at  no  il  uo     md  tl  e  ob  uvi 
lions  of  so  no  who  t    nd  tl  p  bici  Ith  oi  the    %  to  u  cic-wc  o    tho  west  sido  of 
th    mo  n  is  il  c  ti  e  ion  q  pioachcd     tort  tl  c    A  tli  the  contia  y  eentimenta 
of  tlioro  whoso  jul  in  nil  1  ill  ilw  ysicicic  nakome  low  conhdent  espc 
cnllym  11  -Hlci  wl  oicto  Iga\o  n  t  ill  the  ittcntiui  loquisite 

"\Vhatovu  it  \v  «  tl  is  un  ippcuod  i  udi  bi  liloi  an  L"wh  tci  ne-u  llio  1  ody 
of  tlio  moon  than  it  a  diatinc  I  on  it  ind  ts  outwud  ci  cunfoionce  wlu  h 
wis  ill  doflnod  sooinod  tuntinifced  only  b}  tbe  e\tiomo  muty  of  tho  mittei  it 
was  composed  of  ind  in  ill  icspccts  eacmblcd  tho  appearance  of  an  eulight 
ciod  itmo  phoic  uo\\ed  fi  m  f  u  but  whclhet  it  bolongod  to  tl  e  sun  01  tho 
moon  I  si  ill  nol  at  piLsent  uiidoitoke  to  dec  do 

Dui  ing  tlio  v  hole  time  of  tl  e  lolil  ecbpso  I  kept  my  toloscopo  conttinUy 
f  xt  on  tlic  moon  inoilc  t    obscnc  ^hal  mi^ht  occu   in  this  uncom  non  ap 
lOiiuicQ  nnd  I  siw  pt  pclu il  flashes  01  toiuscition  oi  light  which  Beoiried  foi 
i  nomcnt  to  dut  ouli  om  behindtho  n  on  nowleio  nowtlieat     n  ill  biles 
but  moio  o  po  i  illy  on  Iho  \tcsloin  si  Ic  a  litlle  l>efoio  Uio  erne    ion    in  I  ibout 
two  oi  tlnce  seconds  befoio   t    on  tlie  flame  we  loin  si  lo    wl  010  the  aim  wa 
just  oming  out   \  long  ind  vo  y  nmow  sti oik  of  i  dusk}   but  etiong  led  light 
soomod  to  coloui  Iho  doik   d  c  of  tho  moon   thougl  nod  ing  I  ke  it  hod  been 
scon  im  nodiitolj  afloi  the  cmoivon     D  it  tlus  jnaumtly  vinishodupon  the  fii  I 
appeannce  of  lie  aim  IB  did  ibo  tho  afo  cnud  luminoua  ling 

As  to  tho  dogioe  of  daikncsa    t  wis  such  tint  one  mi^ht  hi\o  oxpoclcd  to 
liave  soon  raanj  moio  stais  tli  in  ^010  seen  in  London     the  jlu  ots   Jv/pilm 
Mercury  ind  Venus  woie  ill  tli  it  veio  een  1  y  the  gentlemen  of  Iho  Society 
fiom  the  top  of  tl  eii  house   whoic  tl  oy  hid  a  f  ee  ho  7on      nd  I  do  not  hew 
that  any  one  in  lo*n  BIW  moio  thin  Gapctta  iiid  Aldcbatan  of  tho  fixed  ati  s 
Noi  was  Iho  light  of  tho  nn^  icuud  the  moon  cipiblc  of  cffhcmg  the  luatio  ot 
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fl  o  sloia  fo    t  wi   vastly  nfuioi  to  (Lit  of  tho  full  moon  an  \  so  weak  tl  it/ 
hd  not  ob  oivo  it  cast  a  ill  de     But  the  unde  paUs  of  thohemspheic   puU 
cul     yintJcsoutl  oast  unde  Ac  sun  had  a  ciquscila  bn  hlioss    an  t  alt 

0  m  1    s  so  n  icli  of  tho  wymont  of  ou  atmosph    e  is  was  above  the  ho  izon 

1  d  »u  with  ut  tho  oono  of  the  moon  s  shadow  was  mo  o  01  less  onl  ffhUmod 
by  the  a  m  s  bc/inu    and  ita  leflocUon  gave  a  diffused  light  which  made  tl  o  air 
•ccm  nary    md  hmde  ed  tl  e  ippcaianco  of  the  btais     And  tl  at  tl  is  *as  the 
ted  cause  theieof    .  manifest  by  the   U  kicss  being  moie  po  L  ct  in  then 
plwcsncau  which  tho  contei  of  the  shade  past  whcie  many  moieataibwoic  seen 

md  m  some  nol  loss  than  twenty  though  the  h  ht  of  the  nng  w  is  to  ill  U  1  c 

I  fo  bcu  to  mention  tho  ch  11  01  d  damp  with  which  tho  dm!  nc  s  oi  U  n 
ps    was  altcndcl    of  whi  h  most   pectiL    s  woio  sons  bl      an  I  can  IK 
judges   01  tho  c  >nca  u  that  ippe i  o  1  m  Ul  so  ts  oi  animals    buds    bt  isls  nn  I 
nahCT  upon  Lbo    \Uucliou  of  tho  6un    since  0111  elves  coul  1  not  bcl  old  it  with 
out  some  scnso  ol  ho  101 

588   At  an  echpu  of  tlio  sun   U  o  d  st  net  between  the  conleis  of  tho  sun 
no      an  I  moon  nay  be  foun  1  at  my  Umo  , uh  a  mic    mctoi  thi s     Let  ACX  bo  1h 
uU        ll\CG*tei   ABD  tin  moon  M  tscontoi     tike  the  hstmce  A3  of  UIL 
hoins  with  the  miciomolci     then  MO  1  now  Ac  Inlf  that  distmce   md  1  now 
nig  S^  Aom  the  Tatloa,  we  lmo&a%/5Z"r2r  fin  the  nmoimMnk 
ing  A  Uf  om  tho  Tables    we  have  M  =  ^A  ll  -Ae      hone  c    SjW=  Stf 
rio      11  known      If  wo  thin  take  Stf  SQ  ih    1  stances  of  Ui  sin  md  mo  n  it 
'"     times   andtalcuhtethe    ppn    nt  i  oLon  NQ  ol  Lhc  m  on  m  tl  omtc  \  1 

m  iy  find  the  ippaicnt  Umo  of  conjunctio  i     M  du  Si jouit  foun  1  t  necessary 
to  subtiact   i       fiom   tlic  wrnid    notoi  of  tho  sun   i    fe  vcn    n  tlio  i  bloi 
homed   luoidaitoiiakohi    cilcuhtions   igieo  «uh  obs    vitions    mdepon 
dandy  oi  tho  diminution  of  tho  moon  s  st  nidnmotei  by  inflection  (  SO     871 
Tnoui  cnlcuhtionB  we  Ivu  o  taken  Uio  to  TU  ha  ictc  of  tlio  sun  3  less  ib  in  that 
vcnmMmis  Ublts    icooi  lii^  to  D    MASKHTNI     lelunwit   n      Thcr 
di  tinco  oi  Uio  conUns  may  Uao  bo  found  by  meisuung  U  o  biculih  (  i  which 
nflomf    leaves  t     hciic<   AfJsA/'n  S  -2t    is  known 
87   Admttin"  tlic  mflc  Lion  o(  Uio  i  v}bof  tho  sun  it  th    moon     i  ochpet 
begin  1  itct  and  end  soonoi    md  the  cfoio  tho  dmal  on  >  11  bo  d  i  imshed 
FIG      lo  if  A  both     an  M  Uit  moon  /  the  specfcatoi     I  aw  fln  a  tingonl  to  the 
143     BUD    indict  xi  ay  all  bo  inflect  d  it  b    then  tho  eel  j  s   dees  not  bog  n  till  tlio 
moon  B  lunb  got*  to  f    wheieas  withoi  t  inflect  on  it  would  have  begun  at  tho 
lino  Swa    foi  the  same   eason  it  ends  soonei      Iho  luiibon  howo  01  oi   m 
mnuloi  eel  pse  and  the  bieadth  of  the  annulua  i  me  eowd  by  thm  cause    This 
M  du  Si  jooa  has  found  to  at,  oe  with  obseivat  on 

no  B8  ItQtNanb  epiesentth    oibit  of  theeutl    Jvcjrf  tho  plane  of  themoon  s 
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91     Ih  n  (     «      fo)  \\l  the  time  the  ci  U  IB  IDOA  ig  f  om  <o  to  *     an  I  f  o  i  t 
t          t  switl  nthe  olu  cchpt  c  lint     T  id  wh  1st  it  mo\  es  f    apt  d 

Aon  A  to  /  it  IB  ^  U  n  tl  a  luui  eel  j  ti  I   it     how   f  ico  jm  ct  o  i  h  u      at 

0  \    >  nou  the  nod      UICIL  wllbe     g    itsoli  cclj        b  t-ittbej    c  d   g 
opiosiUoi    theeaith    i  ly  uot  be  £,ot  into  tl  c  h   i     clitclnts    ail    ttlo 
ne  t  oj  i  omUon  it  u\y     o  ffot  I   j   ud  I   1  e       at  e    1  n   1   the        ayl   pjen 
only  ono  wlcu  eel  p  c    nnd    tl  u  foi     n  \  yc     thei    mr^  1   pi  e      1 1\    t\ 
sol  u  cehj  <»cs 

Hie  o  nust  bo  ono  conj  met  on  1  j^ei  i  tl  e  i  u  n  vl  id  the  a  th  <» 
pwsm  U  oufih  U  ol  i  e  Iip1  c  1  t  md  con  eq  ic  Hly  tbc  9  wfbeoit 
solu  oclipso  1  vppo  \t  cnch  node  1  omx  the  o  taust  be  t\  o  sola  Lclii«eait 

s(  in  a  3  en 

1C  in  opposition  h  xppcn  just  bofo  o  tl  e  ciill  gets  nto  tl  e  I  imr  eel  pt  c 
Uio  nc\1  oppoa  t  on  in  ty  not  hai  pc  1 1 11  tho  cii  tl  a  got  1  e}  o  I  tl  e  1  ut 
on  ULO  othei  bid  o£  llu  notio  cons  qucitlj  tl  uo  \ynotbe  il  i  eclp  e 
U  Ilio  nodo  bonce  thou  may  not  bo  an  ccl  pse  1  U  o  no  tl  e  co  IB  of 

yuu  "W  1  en  the  cloie  ilicio  uo  onl;  two  eclpses  u  y  a  they  i  ist  be 
both  of  tho  sun 

II  thoi  P  bo  an  ccl  pse  of  Llie  moon  -u  soon  s  the  o-uth  gets  -w^th  n  tl  c  IUDM 
ecliptic  limit  1  \vdl  Lie  ^ot  out  of  tho  li  t  befoio  tl  next  oppos  t  i  c  nae 
qi  ently  tlioic*  can  be  only  ono  luu-u  cdipso  it  the  s  me  nole  But  <j  the 
luim  node?  move  backwai  U  about  19  n  i  yeai  tlooatl  may  como  within 
tho  lurmi  oelipt  c  liuuta  at  the  Bamo  nodo  i  secon  1  time  in  the  course  of  a 
ycu  i  id  thuofoio  theie  mat/  bo  thioolonai  eclipses  in  aycai  a  I  the  e  can 
bo  no  i  o 

II  in  cchpso  of  tho  noon  1  ippon  at  or  veij  neai  to  tl  e  n  le  a  conjunction 
may  happen  beioi  o  in  1  attoi  wh  1 1  the  eiitb  is  within  the  &oU  eel  pt  c  1  mita 

1  once  Uicic  mi}     al  e  uEi  nodo   happen  two  eclipses  of  the  aim   nd  one  of  the 
moon     in  I  in  U  is  cisc    the  eclipses  of  the  BUI  will  be  snill     n  I  th  t  of  tl  e 
moon  lu^e       Ihus  when  tho  ochp  oa  1  oppcn    t  ci  h  node  only  one      the  e 
nny  bo  six  eclipses  in  a  ycai    foui  of  wh  ch  must  be  of  ll  e  a  n  and  two  of  the 
moon      13ut  i(     \*  in  tho  1  tat  case    m  o  1  pso  should  1   ppen  at  the  i  turn  of 
the  uuth  within  the  lunai  cc  liphc  lim  ts  \t  the  amo  node  a  second  tame  with 
in  the  yc  u     thoie  may  b      ix  cclip  es    tluee  of  the  5un  and  thioe  of  th    m    n 

Ihc  c  ly  be  wvcn  t  hpses  in  a  year  For  twelve  lunations  10  peifo  med 
nfl  4  liyi  o  in  eleven  <l  lys  Itffl  tamo  than  a  co  mon  year  Iftheiefoeon 
oclijMo  ol  the  sun  sli  aid  happen  bofoie  Juunry  11  and  theie  be  it  tl  at  and 
at  llio  n  xt  nc  de  t  vo  olai  and  one  Innai  eclipse  at  eacl  node  then  the 
twolitli  Munition  fiom  tho  hi  si  oelipro  will  gve  a  new  moon  w  thin  the  yea  and 
(o  i  account  oi  tbc  letiog  ade  motion  of  the  moon  s  lodes)  the  ei  th  may  be 
got  -wiUim  the  eol  u  oclipUi,  hcruLs  and  theie  may  bo  another  aolu  eclipse 
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Hence  ulien  U  eio  QIO  so\cn  cchi  sea  u  a  yen  fve  w  11  bo  of  the  sun  ind  two 
of  tlic  11001      niis  a    p  asm  sfaon  thit  tho  fl  at  ocljse  is  a  s  I     ouo   but 
f  the  6  si  eel  i  so  loillb    tl  at  of  the  n  oon    ml\eiy  neai  the  begimii     of 
ll  e  jc  i    tl  eio  ni  ij  be  th  co  o  1  pats  of  the  noon  and  f(  u  of  tlio  sun 

As  llio  e  010  bi  t  seldom  Bevon  eclipses  in  a  yen  the  m  in  uumboi  will  be 
ibout  To  u 

JThe  nod  s  of  tho  moon  mova  bickwuds  ibout  10  in  i  j  eoi  which  aic  the 
e-ulh  doacnbea  in  about  19  days  consequently  iho  mid  lie  of  tlio  seasons  of  tho 
eclipses  hippons  evciy  you  about  19  dijs  soonei  than  m  tho  pioced  nt  ycai 

B9   11  e  echpUc  lin  Us  oi  the  si  n  (  60)  aio  gicatoi  than  those  oi  U  c  moon 
(    3)   aul  hence  thcio  w  11  bo  noic  solu  thin  lunai  eclipses   m  iboul  U  e 
me  i  mpc  iuon  is  Iho  li  i  t  s  g  calo    that  is  is  3    2  nu  1)     B  t  raoio  lunai 
Unnsoh   eclipse*  uc  seel  it    ly  gn  on  \  loco  boci  so    hrnii  eclipse  is  visibl 
to  i  n hole  hemispheio  it  01  co    uhoioas  a  soln  cchpso  is  vis  bio  only  to  i  pait 
indthoicfoiotheioisigiciteipiobahlityof  seungilunai  Uuuasolai  eclipse 
Sinco  the  moon  is  is  lon^  ibo\o  iho  hou/on  is  below  ovoiy  spoctatoi  nuy  ox 
peel  to  aoo  Inlf  Uio  nunibei  of  lunai  eclip&cs  which  happen 

2o  comt&te  the  Tune  qfon  Occufaiton  tfa  Ti\ed  Stii  ly  tfic  Mooa 

90  Tnid    f  orn  tl  o  i  iccepta  ind  Tiblos  (given  in  the  co  i  so  of  U  is  woik) 
Hie  nppaiout  longitudo  ind  1  ttulo  of  the  stu  itth   tamo  wh   i  m  occult  it  on 
is  expected 

91  Compute  (is  will  I     e\\  1  11  cd  u  tho  InLioductnn  to  tl  c  I  iblcs  m  the 
Umd  Volume)  Uia  time  of  the  mean  conjunction  ind  at  th  it  U  10  U  c  moon 
tiue  latitude    than  (iccoiding  to  M  CASBINI)  if  tho  difluenoo  of  Iho  latitudes 
of  the  moon  ind  atai  exceed  l    97    thoio  cm  be  no  occultiUon    but  \(  tlio 
diffiuenco  bo  loss  than    1    the  o  mi  it  bo  one  somowhoic  on  tho  01  th    hcnco 
between  l     37  ind    l  it  is  doubtful 

)2   Compute  tho  tamo  of  the  tiuo  conjunction  flom  that  of  tho  mom   floii 
tho  moons  Uue  longitude  it  tJio  me  in  conjunction    ml  tslnmy  notion 
But  if  fiom  the  oquatio  i  of  Iho  moon  s  oibit  it  appca    tl  \t  the  ic  is  i  cc  nt.  lei 
able  intei  v  il  between  the  moon  and  ti  uo  conjuuction  it  will  IKJ  bcttei  1  o  \  lump 
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s  me  t  10  19  nci    wyou  cincotjcctu  oto  tl  otiue  conj  ncli  i      I  wlucl  time 
comi  i  te  tho  n  oon  B  ti  \  long  tudc  1 1 1  its  hoi  i  )  motion  in  1  then  t  y   1 1 1}  % 
Ihclo  iiy  mot   nyoiwll    ettheti  o  of  the  tiuo  conj  met  01  to     gicat  1c 
kioc  oi  iccu  icy     wlcioisl    m  tho  cois  do  iblo  vuntoi     fthohoiuy  met   n 
n  tho  cm  st   f  ifewhouis  thctmcof  tlotiuc  coijuict  oifo  md  in  tl  iamii 
o  f  >i i  U  o  n  o in   ^  1  en tl  c  it       1  B  eo  s du  blc  w  11  be  subject  to  i  p  o 
poitio  il  dc     o  of      o      1]  tl\   t    o  Ion    t  do  be  computed  f   m  the  Tibl  s 
e\oiy  Uno  t      iscd  tl  t        11  b    i    octi  ion  fo  th  B  issi  npti  i  of  i  nei  er 
tine    but  bj  the  iss    i[lion  ^     11  )  elle    ivoid  ice  tin  dcgice  of  eiioi 

0  the  1 1  ublo  of  co  np  1 1     tlclon0t  lo  if,    ifonthe   rubles     If  it  the 
t  mo  of  tl  e  ti  o       jut  ct  on  tho  moon  B  1 1  o  lit  tudo  bo  co  npute  I  and  tho 
difleicnce  I  etween    ts  lit  tudc  ml  that  of  tho  atat  exceed  1     19   thoio  cm 
(lecoidm    t)  M  CwsiNi)  be  no  occiltabon      but  if  it  be  loss  tbm  1     7 
tluio  muM  be  ODD    honcc  between  1     19  and  1     7  it  is  doubtfil      It  being 

Icte  mined  tint  theic  miybc   in  occultition    wo  i  occed  thus  to  commute 
it 

99   IIiv  nf,  foun  I  it  tl  c  ti  no  of  the  eel  pt  c  conjunction  tho  moon  s  tine 

1  i    tud      I  1 011  y  not  )     nloi    hid     inlitatu   httude  compute  ts  ho 
i  uy  motion  in  lit  tu  1       dso  ts  pn  illii  in  liUtudo  an  1  longitude  (i?  m  aolai 
c  elipsM  )  and  its  so  m  li  imctei 

04    nie  pii  lli\    )  lon^  tu  lo  it  tho  Uno  t  mo  of  tl  o  eel  ]  ti    cotvj  inction 
sho\\    tho  apputnt  dislnce  ol  the  mooi  lioin  tho  atu  m  big  tilde     ind  tlio 
puilhx  in  lit  tudc  ipplcl  (o  il  o  liuo  laUtudc  b  VCB  tlie  nppoicnt  ]\t  tudo  tho 
\  fl  icneo  between  wl  ic.li  md  Uio  stu  s  litili  d     givosthen  ippiient  diffcipnce 
of  liUtulei  ind  if  this  he  lesi  thin  the  moon  B  scmidnmete    tlieie  will  piobi 
bly  he  in  occultition    n  uhieh  oisc  we  piocecd  thus  to  nnd  Uio  time  of   m 
moision  uid  cmoisio 

J  lo  find  nei  ly  Uio  time  of  U  e  apptu  tnt  conjunction  siy  IB  the  moon  B 
homy  moti  m  tl  c  puilhv  in  Ion  tude  l  honi  Lho  time  from  tho  t  uo  to 
tho  i  p  u  ent  conjunct  on  nculy  which  iddcd  to  ox  subti  ictc  1  f  om  Uio  time 
cftJi  Uno  eonjuuetion  itcoid  ng  is  Uie  mooi  i  to  tho  west  01  cast  of  the 
noni  eymxldtyee  y  vesthoUme  ncailyof  tlie  ipnentcon]uncUon  If  it  tho 
tin  e  oi  tl  e  tiuo  coiyunclion  tho  difle  once  of  Uio  app  i  cnt  litatudos  of  the  moon 
in  1  stu  jhoul  I  bo  veiy  nenJy  eqnil  to  (lie  som  di  imotei  of  tho  noon  it  will  bo 
noc  ssuy  to  coinputo  the  diUcienco  at  tho  ippaient  conjunction  in  oidei  to 
be  fluie  whelliei  or  not  thoie  will  be  an  occultiUon 

d    lit!        dU      f 
b  t         t  y] 

t         m      ulythMm     f 
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96  Itbei  fou  d  tlatth  owllb  an  o  iltiUou  ^  c  must  asceita  n  19 
noalyasiossibl  tho  be  n  u  a  lenl  foi  tl  juposc  the  Iibleatthi 
cndoftlnsulj  tsvoyusfl  L  s  const  i  etc  1  11  d  co  lutcdbyth  Rc\ 
MirAcnr  nircniNS  i  <n,ntlcmui  well  convois  nt  n  tU  tl  oiy  andpiact  ce  ol 
Asto  y  vl  lodllo  oodicus  to  comm  in  cito  tlo  mo  w  th  ioim  ss  on  to 
p  bl  &1  H  tsconsUucton  11  d  use  wo  hillh  oexplun 

nr  J7    Lot  C  bo  tho    outoi  of  tlio  mooi  IM  th  it  diam  tu  *h  cl      p  lalld 

14       to  tho  oclipUo  PI    to  whch  d  iw  dCT  poipciliculu     letwwi  p  soul  Uio 
1  alh  of  tl  o  el  i  bdiind  tho  i  oon      e  the  pi  ico  it  the  app-uont  ccl  1  1  c  con 
juncUon  %  it  tho  immo  sion    vnd  c  it  tho  umei   on     i&sumi,  i  po  nt      a  little 
bofoo  Uo  nuicinon    and  IQWM  pniollolto  IM  andiffm   iln  ivp  pcipen 
licthiioli/     isecondancs  to  tl  o   cli]  I  c  and  ]o  u  Ct   (.t    ulCt     d  iw 
nlso    )  pit  illel  to  TM  and  ]  >m  Co     Now  die  const  action  of  tl  o  1  bio  is 
to    op  QS  nt  U  o  win     ol    t  coi  o  \  ond  n     to  in/  ie  udiamctei  Ct  of  U  c 
]  loon   vnd  to  «ui}  diflci  once  t  /  ol  Ui    ipp  i  cnt  1  iLitudca  of  U  o  n  001     nd  st  i 
byoatcun     w  Ih  UIL  fonnu    tlio  he  1  1  of  the   i  Mo  an  1  with  Ui    Uttoi  iu 
tadc 

93    lo  flul  nculy  tho  famo  of  unmoi&  on  and  onoiwon   w  th  the  moon  s 
otind  in  etc     ind  Uio  diil  icnco  C  oi  tlio  appuent  latitudes  at  the  ippiient 
coi\juntbon  tntci  the  I  iblo  nndit   ivoa  o    and  uw  mal  esbut  a  email  inglo 
•\vitli    o  KO  n  geneiolly  nosily  equil  to   /  and  also  to  xs   take  the  efoie  tho  ho 
uy  m  )hon  of  OIL  m(  on  and  find  ihe  fan  o  of  dcsonbin   xo    nd  aubtiict  t  fiom 
ind  odd  it  to  U  o  bmc  it      md  it  goi  oi  »Uy  give   Uio  tin    of  tho  bc^mmno  and 
ci  d  Biifflciontlyno  i  foi  tl     puijoscloi    ^utcll 

90    Bj  api  l)iu    tlusttulo   Iriuq  i  ppcwo  tint  it  gives  tJbo  beg  nn  ng  at  r 
T.  istci  I  of/     J  h   Uuc  ]  ng  tudc   u  I  lit  tu  lo  oi  the  moon  at  the  t  no  of  th 
ti  no  conjunction  bora    k  lowii   md  thai  hoiaiy  motions    find  ifc  tiue  latitndo 
ind  lo  i0itmlc  at  tlic  assumed  t  i  o  of  bo  inning  and  to  that  time  compute  tho 
p*u  UI  \\cs  t  (173)  m  1  ititudo  and  Ion  itudc  md  ipply  tlit  n  to  tho  Hue  latitude 

W  i       i       tti  i       f    ]     in    t       mi        l  ffrt      ti     d     u 

IU     I  pi        U      ip       tp  LI     fU  i          ||        L  H     t       1    U        H         t    t 

f  ll      L        I     1  d  U         p          I  L  !  1 

I  M  ll)        1     111       d      U   U       Ipt     Iy(l08)      Hily   g  t  byU  t   f 

tin  n      t)  u  i  /  I  r     u   t      f  i     ib  K  tuftnii  tu  y  Ai         d 

t  1  1y   q    1        1  1  t   I  U    (,  Mt         II  L    lh  B  t  y  I 

t  ydB        1    U       1      11  b      fll      Uy          Ldlwyb          yfl 

glf       UmiefUt        11  ffll 

t  II    I         tfj     H      ft!  tl<n   d        1   \(     t  1      lip     lyil 

1     «IU  )   tl      t         11        g      y,      ||  , 
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and  long  in  1o  and  we  get  U  e  appi  ont  hfcttudo  i  id  lo  i^itude  the  d  ffbicncoa 
between  whicl  ml  the  ippnont  lifctude  ill  loug  tudc  of  Uio  si  g  ve  tl  o 
11  eat  lisl  nee  of  the  moon  f  on  the  stu  in  lit  tude  and  1  i  gitudo  01  they 


givo  a   ind  dm    ilao    cos   Cd  ipi    Lit  «     rfm  =  Cfl    honce  <k=i/La,  +a» 
is  I  DOWI    u  d  if  tins  be  equal  to  the  1  001      em  li  mete    U  e    ssu    ed    s  tl  a 
tiuo  t  i   of  bet  nmng    if  ;  a  let   tl  o  occult  turn  hisn  t  t  ken  plico     if  kss 
ith 

600  W  tl  U  o  I  fie  enc   jrt  (  =  fi)  of  a]  ]  a  onl  Ivtit  dos  nl  ti     moon  s  BO 
mid  inoloi  Ct  tiJ  c  o  t  Ct  ho     tl  e  1  ibleb   in  I  wo  get  ta=Ca*Ct    1  once 

oc  ipp  lit  li  ta—mii  in  If  on  tiokon  y  motion  find  tho  tamo  of  de 
ac  b  ng  inn  \  1  1  1  i  He  1  1  o  subU  \cted  f  om  tl  o  ibo\  o  oasumcd  U  BO  of  bo 
gini  mfc,  will  yve  veiy  nculy  tl  o  hue  time  of  beginning 

601  1    tbifltimonud    is  bit  le   the  appa  ent  difference  (d)  of  Iititulos 
ind  ippaiont  difll  euce  (D)  of   loigitud  s  it  the  moon    whence  we  get 


\-d  =an  Uie  ippiient  d  tonco  of  tho  att  flora  the  moon  B  ccntei  fthis 
dibtinoo  be  ejital  to  tlie  moon  so  nidiim  to  tl  IB  second  awm  icd  time  IB  the 
time  of  the  immei  ion  if  itili  tl  o  occultit  on  his  not  taken  pi  ice  if  leu 
tho  iraine  sion  IB  p\at  li  thcrefo  c  Una  second  is  ume  1  time  be  not  tiue  -no 
piocood  as  in  Ait  72  and  sxy  Ci^m  Cir^m  the  mtcivol  of  Uie  aasumod 
ttmca  tho  inte  val  between  tl  c,  second  ssumcd  Umo  ind  tho  time  of  the  im 
moimon  Una  intoivil  thoxoloio  ipphcd  lo  tlie  second  oasuracd  time  gives  tho 
time  ol  tho  Immet  won 

rhe  time  of  the  Lmttston  IB  found  exactly  m  tho  same  mannei 


TXAMPLl 

Tojind  tfu  June  of  tie  Occttltatton  qf  Aldebmn  ^  Mtf  Moon 
on  Jawaty  a  179    at  Gh  aaranch 

Hie  ippnenl  longitude  of  Aldslxoan  on  Januny  s  170    IB  found  to  be  9 
6          S      and  its  lit  tilde       28     O  aoi  th 

Ihe  time  of  tho  mean  conjunction  IB  at  Qh  9      s     at  which  time  the  dif 
ierenco  of  the  moon  s  ind  stoi'»  latitudes  IB  1     1    consequently  (  01)  theie 
may  be  in  Decollation     But  horn  tho  equation  of  the  moon  s  oibit  tl  e  difle 
lenco  of  the  times  of  the  mem  ind  tine  conjunct  on  will  piobibly  hippen  nVe 
houis  soonoi  |  let  us  theiefoio  'ivumo  4A  it  wl  ich  tuno  the  moon  s  Uue  Ion. 
gitudo  is  found  to  be  fi   6    47   4     and  ts  hoiaiy  motion  9     89      hendi%flie 
time  of  Ihe  fcuo  ecliptic  conjunction  oi  the  moon  and  Aldeba  an  is  fbuna  io  be 
Srf  4//  13  21  meantime  fiom  which  subtiict4  41  the  equation  of  time  and 

VOT    i  S  D 
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\\  c  Oot  Uie  I  ue  ed  pi  e  conj  ncUo  i  at  17   8   40  appiie  it  time  at  whi  h  ti  110 
the    loou    1      In    tudo  is       6  9 

At  U  e  ti  10   f  UIQ  t  UP  coijunclioi    the  moon  s  faue  1  t  tudo  j  found  by  cil 

ul  it  o    t   be-  1    S(  s   ith     nl  L  ho  \  y  n  otion  in  1  ititudo  is  1    s     dceica 
u  0      lo    tlo    101     luii/onlalp  iilh\  itGe  iw   hi  found  to  be    9   10 

n  I  ho  ce  (17  )  the  i  u  dirt  m  Ion  iiudo  is    J    17   ad&Uie  to  the  tiuo  to  goi 
tho    ppiio  t  lo  ig  tudc    Uic  Btu  bciiifc  1o  the  (rot  of  tho  noni  es  mil  device 
iho  tho  p  u  Uhx  m  1  \t  tudo  in  48    1     m  i  c  wm0  U  c  t  ue  1  lUludo     Tl  e  hou 

ontol  Bcmuli  imetoi  ol  Uio  nooiiislf    11    wl    h  incieascl  by         the  aug 
mentation  of  tho  Bcmid  ainetoi  on  iccount  of  Ue  moons  altitude   gives  10 

16  f     U  c  ipj  \  cut  -winidiainotoj. 

1  he  pa  all  1x2  J  17  nloi  Ui  leC  it  tho  time  of  tho  tuo  conjunction)  shows 
(  91)  tho  moon  t>  tppuont  hsUnct.  I  on  the  t.tu  m  loi  ytu  lo  and  tho  pai  U 
h-v48  4  mlititiilc  pplie  1  to  U  o  Uu  httidc4  3(  b  yea  24  4  foi  Uio 
moon  s  app-ucnt  latitude  wh  ill  dill  i  Iiom  28  o  tlie  rti  shtitudo  by 
4  46  whidib(.n  1  sbUnn  10  16  Uio  mooixb  ippuent  Bemidiometoj  th  IL 
will  bo  an  occultition 

To  f  nd  (  J  )  nt  i  ly  U  o  timo  of  Uio  ippaiont  conjunct  on  v\,y  3     u     20 

17  l  houi    19    18  Uio  time  ncaily  between  tho  tiuo  and  Uio  nppaient  cou 
junction     and  u  Uio  moon  19  to  tho  eatl  ol  Uio  nonafc,csimol  logioo    Ui  s  aub 
ti  \ctodliom  tlie  timo  4  A   8  40  of  the  ti  le  conjunction  1  ives  3//  19   22  foi 
tho  time  ol  il  o  ipp    cut  conjunction  nei  ly 

With  ll  t  noon  s  sc  ntdiimcUn  16    16    -uid  U  c  difibict  co  4    16  ofUostiig 
nid  moons   ippuent  latitude*    ontoi  tl  o  liblc    xid  it  gi  LS    o  =  l      32 
ficncp  S       J     1     02     l  houi       6   J    A  hid  sibl  acted  fiom  md  xddod  to 
lh  U   2         \      i     3    13  loi  tho  beginning    onl  3h  4     31    Loi  th   end 
ncn  ly 

llio  t  10  long  tudo  of  the  moon  it  4//  8  40  be  ng  2    6          j      ind  Uie 
ho  iiy  motion  9     39    Uie  tiuo  longitude  at  2/;  09   13  is  J    0    10   41     uid 
the  p  uilhx  in  long  tudo  H  2S   43     hcneo  the  ippaiont  longitude  it  U  at  time 
IB       6    89   27     whicl    subtiactod  fom  2    6    5     3     the  Btai  s  long  tude 
kivos   Ib    8  =  dm  foi  the  appa  cnt  difieionco  ol  longitudes  of  tho  moon  and 
stni    -which  nultiphed  by  0  99      (the  coaaio  o(  tho  moon  B  aj  paient  1  it  tude) 
gives  16    4  =  904  =t<*     Also   tl  o  moon  B  tiue  lititude  it  l/  8   4O  is  4 
36   frnd  thohmaiy  motion  ml  ititude  bong  1    3J  decreumg  thot  te  latitude 
at  3A  59   13  is  4*     97          ind  Uio  poiallox  in  hfatudo  being    l    27    Uie  op 
patent  laUtu  le  10       29   22  which  difibie  Horn       28     o    U  e  atoi  s  lat  tude 
b/3a=ra   hinoej^/9^  +33  =96    =18   5  =cr    which  is  leas  than  16 


16  tbft  moon  B  appaient  aemidiametei  By  11  >  Uioiofoio  the  occultabon  at  thia 
time  Jnu&t  have  taken  place 
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OY  AN   OCCUI  TY1ION  Ol    A  HMD   SI  VH  JJ\    TlIC  1IOO  fi  / 

With    3  the  difl  lonco  of  tho  ipp  \  ei  1 1  it  lutta  in  I  16    16   the  i  loou       c 
ncli  neto    cnte  U  e  liblo   ud  wo  get  16    l      the  liffe  enccbetwtua  *h  ch 
ilT    (=16    4)iflto=ll      11  o  tine    f  dcscubing  wl icl    is  fiJ     wl  ch 
sul  t    clod  fiom  2/     3   IS  °ives    rt     3      1  foi  the  noxl  ass  imcd  1    10  oi  1 1 
mois  on 

At  th  t  i  me  we  f  nd  (exictiy  as  wo  fou  1  tl  e  s  me  fo  tho  fl  st  snune  I  Umo) 
tl  c  difl  lence  Ca   fU    moo       pp       t  lo  ^  L   lo   nlthtofU\o   Lit      t  U 
loon  to  be  16   18=978      mdtlioddl   one   ?rto(  Uao  ip[  i  nt  lat  tudoa  to 
bo    0     leiicc  V/J78   i  JJ  =079  =16    19  =C*    \hich.  IB  fiie-xlci   tl  \     16 
16  by  scq  ic  tly  Hoc   iltxi,  )i  hi     oL  I  1  on  pla  c 

Ilonco(OOl)   11  H  3  =11      3      S2  \vluth  iddod  to  «/*  1   gives 

2h    J     6  loi  U  e  line  of  Immetsioti 

Ai3//  4     31    tho  assumed  tim   of  the  ouoi   on  conpulo  nfl  befoio  the   p 
paiuil  1(  ngitudo  and  1  lULndo  ol  tlio  moon    nnd  we  find  6«  =  I      44  =944  (a 
nowlyiu    on  tlio  othei  «de  of  C)   in  \at  =8     J  =179     honcc  ^944  H  179 
=961=16    l    which  is  Ira  Uun  16    1C  by  1      conbtqucntly  ll  e  emaision  is 
not  yet  a  i  vc  I 

With  179  the  ipp  u  ail  d  ff  i  nee  ofltiiludos    ind  lb    16    tlie  moon  *  semi 
di-untloi    cnloi  the  1  iblc    and  we     ct  1C     111     liifoiencts  belweon  which 
and  Ca=l       U    is  1(      tho  Im  o  oi   tacubin     \\l  U    is  0      wl  ich  idd 
tdloS/i  1     Jl  yyts9*   H    3  i<  i  iho  nutL  iswme I  Umo  of  oaiciBum 

AlUmtm    compute  asbefoic  tho  appnoBl  longiludo  \nd  Uutmlo  of  tho 
moon  indwefindCa=16  *3  =960   andfl;=fl     9=170    honce*  ^/ObS  +170 
s=977  =1C    17    which  is  gioitoi  thin  16    16  by  1     consequently  the  emei 
Bionhastd  on  phco 

IIonco(601)  1    +1  =16     1      92     3    whichsubtiactel  Horn  9//  46    3 
lewcsdA  46    1  loi  Iho  Umo  of  Iwertion 

llence  Ihcappaionl  Umee  it  Gioeniuth  we 

Immeiflion  3      2     f 

LmciBion  S    4*6     l 

Dmibon  o    ^ 

Ihe  limos  thus  calculated  must  be  sutyecl  to  the  ei  LOI  of  the  Tibles   xi  m 
eolai  echpaofl  but  in.  somewhat  i  less  degeee  as  the  homy  motion  oi  the  moon 

11    q      tty          mUUtfw  t*»  d       tt    t)       Ipt    b  f      w    f 

i     b  ^  L  t  w  w  m  k         man*    Qt)     a  i  o     u    f    i 
1       f  d  g       lyil    i       fU     m      n 


J88  ON  AH  OCCULT  VTION   Of  A  FIXED   BfAU  BY   iUL  MOOH 

in  leapect  to  the  stai  IB  catei  U  an  that  n  leapect  to  U  e  sun  HLI  ce  Hie 
co  npute  1  ft  iios  compiled  M  th  tl  o  lime  by  obsoivil  on  iff  1  the  moans  of 
collecting  the  Tiblea 

Ilie  immeiB  on  it  *  IB  ibout  SO  noith  of  the  moon  a  centoi    ind  tho  emci 
ion  it  c  is  about  3  noilh 


To  detoi  nuM  by  Confltiuction    the  /ww  of  an  Occultatton  of  a  rued  £t<u 

1j  tfw  Moon 

602    IhomoonfllaUtude  and  Ion  itude  bein     computed  foi  the  tiuo  time 
ol  conji  notion    ond  the  homy  mot  o    of  the  moon  m  lat  t  de  and  Ion  itudo 
find  the  lifctude   lid  longitude  foi  one  houi  bcfoie  01  iftci    iccoid  ng  is  tho 
occult  it  on  h  ppons  bef  10  01  i/tei       I  ko   Iso  the  stu  s  lalili  do  11  d  decUn 
tion   ind  fmd  (10  J  tho  tmc  of  passing  the  nJbudi  in    n  id  Uso  U  o  moon    se 
midiimetei  and  hoii/ontal  pai  illax      Now  it  is  manifest    th  it  tl  o  Blai  may  be 
used  IB  the  nun  only  inslei  I  of  12  upon  tho  ell  pne  *e  must  \  it  tho  houi  oi 
Uie  Btoi  s  pipage  ovei  d  o  moiid  ui   and  is  the  atox  has  no  pnallax   Uio  iidiua 
of  piojection  wdl  bo  oqual  to  the  moon  s  honzontU  paiillix     Hence  wth  thit 
no      radius  dos<ftibfttho  Bomicucle  UGfC  oicct  GO  pe  penchculw  to  /  C  find  (  36) 
the  position  of  U  e  pole  1    and  deuciibo  the  ellipse  foi  Uichtitudo  ol  tho  place 
ind  declinat  on  of  the  Bt        m  1  to  find  tho  moon     oib  t  t  kc  Ov  cqu  U  to  tho 
diffiuonce  of  tho  n  oon  an  I  stii    lit  Lu  1    it  til    t    o  of  tho  I  n    co  juncti   i 
and  t  Jco  also  Oa  oqual  to  tl  o  moon  i  h  i    y  moti  n  i    1  >n    tu  Ic   an  1  I  \w  MI 
poipendicul  i  to  ZvConl  cpil  io  Lho  hflcicico  of  tl  o   toon    nd  rtn  s  hti 
tudo  it  ono  houi  liom  conjunclion    inl  tho  ^al^ht  li  10  MJvL  w  U  icpioa  nt 
tho  moon  s  oibil     Ihon  with  in  t\(out  ol  comp  iss  tqinl  to  tho  moo  i  a  acnu 
diamotoi   find  two  pomta  c  ond  d  mi  kod  ihc  simo  in  t  nt    and  it  give*  tho 
time  ol  immopuon    find  al&o  tvo  otiici  pon  tq  s  md  /  denotii     the  sa  i  c  po  nt 
of  time    ind  you  h  ivo  the  Umo  of  cmc  yon   ilso  if  tho  n  nest  d  stance  at  of 
the  coueaponding  points  of  time  ho  txken  ind  mciBuiod  upon  the  ecilc    t  will 
give  the  ne  neat  dist  mco  of  the  Bin  to  tho  moon  s  centoi  m  tho  time  oi  occul 
totion 


Ex   To  constiuct  the  occultil  on  which  we  befbio  computed     Tlio  fine  ol 
conjunction  was  at  4A  8   4O  in  the  i  loimng     n  longitude  38          3       Uio 
moon  a  latitude  waa  4    36   S   ila  hdmy  notion  in  lonytude  S     80     on  I  n 
latitude  1    M  decieaflin       ta  som  diomctoi  wifl  16   16    and  hoi  zonlil  pan! 
Lvx    9   16     abo  Aldtbat  an  s  \Bfotufo  wjia       SB     0    oiith  ita  dcohnation  16 
5  6    atld  it  pissed  the  men  bin  at  9A  96    M  in  tho  ifleinoou     Ilonce  lake 
00=«9    16  find  (  96)  the  polo  P  at  At  given  timo  and  deacnbe  tile  ellipse 
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fbi  ll  o  lit  tulo  of  Giecivich  ind  thesti  B  led  nit  on  andat  the  point  nmiil 
)&  9J  (D    ltd  n    tl  e  21 )  be  g  the  t  m    when,  the  bti  co  nes  to  the  men  li 
111    n  I  i  o  i  I  1  wdo  the  ell  pso  i  lo  hou  s     nd  sub  1  vi  le  the  u   is  fa    w  5  ou 
cm  con vcn    tly     1  k   0  =  2      0  tl  e  diffeienco  of  tl  e  stu  s  aud  raooi  s 
1  ititudo  at  the  tuno  of  conjun  t  on     nd  Oi  =  fl     99  th    noon  B  hoi  u  y  motion 
i  lonytud       nd  eicct  {ho  peiioidculi    AJ=.    1    1     (the  moon  s  lot  tude 
dec  cising  1    a    in  in  hou  )    t  aw  ti      gl  t  lino  IsiyM     1 1  t  w  11   ep  esont 
thcmoouBobt  ultynlalo     y  not  on  it     it  tl    p  mt      i    1  4fc  9    nd 
t#     picsentig    loloui    livulc/1/nt   1      is  i    m  t  aid  suld  v  de   L    bf  i 
i  tl  cs  nl   \  tlpc   it      nltlng      oxtci  t  of    onj  sseqi  d  to  16    if  tl  e 
n  o  m    soi    I   m  t      it  w  11  g  v    tl  o  \  nils  c   d  coil  L  pond  ig  to  the  t  no  of 
Inmci  MOH  in  I  tl    i  o  its  j   ^  co  10  [  ndiug  to  tho  ti  ne  of  Lnici  ton     rod  tl 
coi  c  fondin     ucnaoat  distance  is  found  to  bo  neuly  9  noith  of  j^e  moon  a 
ccntci 

003   When  in  occult  faon  oi      all  by  tlio  moon  tikes  plico    fo    thioo  o 
foui   s  con  Is  of  tin  o  bolo  c  tl  o  stu    Impp  ais    it  BomoUTica  ippcua  to  bo 
pioj  ct  Inpontlt  Uscoftlic  noo      M   lu  SnjouBQXplinslhcphtDiiomonon 
thua     I/3t  Sic  tlio  stu  AnmLlioii  on  abc  the  p  issago  of  my  of  light  thiongh     no 
the  moon  B  itmo  pi  u     mcl  just  pi«  n^  by  tl  o  1  mb  )f  llio  mooiupt  b    let  cZi 
bo  tho  dii  clioti  ( t  the    vj  xltci  it  omo    LS  f  om  tho  itmc  phuo   anl  pioduce 
re  to  s      Ihcu  to  in  tyc  vt  1  tho  at  u  would  ippeai  at  ?    but  it  Iho  B  imo  time 
i  lay  of  li£,ht  Aom  Iho  moon  s  limb  at  b  woul  I  bo  lefioctod  tUiou^h  be  and 
then  niovo  to  r  md  ippou  ilaoat  j    thua  when  Uio  iay  6f  light  which  comes 
fiom  tlic  at  u  1  ( cones  \  tingont  t   the  moon  tho  sta    at  th  it  ti  no  appears  also 
to  be  m  c  )i  LK  t  witli  tlio  moon      Iho  lof  iction  of  tho  itinosphcie  ilono  thoie 
foio  IB  not  sulhciLnt  to  account  fo    this  phmnononoi    is  somo  ABtionomei* 
hive  supjMWol     But  if  tho  1  {,ht  flom  tlio  stii  Biifloi  \  lifloicnt  dcgioo  of  10 
fi action  fiom  tho  solu  light  iciractod  fion  d  foi  instance  if  Uio  stai  be  highci 
than  the  ccnloi  of  tho  moon  Anl  tho  lei  iction  of  the  light  fiom  tl  o  moon  be 
gi  citai  Ui  vn  the  i  1  u-tion  of  the  lifchl  fiom  tho  tai  Uio  point  b  being  clev  itcd 
b)  lo/i  iction  mo  o  111  in  the  stu  the  stu  will  ippcn  upon  the  moon  a  due  bo 
foio  tho  occ  dtaUon  t  d  es  [  I  ice     Oi  tho  sirne  would  1  ippon  if  tlio  rtn  wei  o 
lowei  tlian  tlio  moon  s  cento    and  lie  icf  action  ortho  light  f  om  the  eUu  tho 
giontei     Iiomtliodfl    ent  colon  a  of  thoI0htfiom  difioient  stiia   he  thinks 
we  nuy  idmil  difleient  le  leosof  lefnction  of  iieai  h^ht      JTho   iiadiifaon  of 
tlio  1  fclit  of  the  sti  B  by  which  some  have  oorncctuied  tl  ey  might  ipp   u  lo 
encioichaliUlcupon  Uic  moons  kmb befoie they  disippcu    would    ho  ob 
scives  aflect  ill  btaia  in  1  at  all  altitudes    whoieis  thia  ciicuniBtince  doei  not 
dw  iya  lal  o  plice     lie  stites  howovoi  this  objection  to  his  hypothesis  thit  tl  e 
ibo  iiUon  of  light  horn  aUUieBtanippeu*  nomobwi\idon  tobothesame  md 
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theicfoic  Iho  velo  t  te  of  U  oil  light  most  be  ill  cq  rU    consequently  tlio  1  ^\ 1 
fioi    illtl    sti  B  ffei    tie  same  i of  icton  adnutUn    ihiltho  ofi action  do 
pen  la  ilto  etl  e  o    tl  e  \cl  c  ly  of  the  hgl  I     But  ticio  havo  been  o  ily  a  few 
rt-us^  1  OTO  vbo  i  t  one  1  avc  1  con  dete  rained  by  obsoivation  ind  wo  aio  not 
n    ed  b  U     i  some  sta  s    a  diffeionce  in  then  ibu  ition?  mitht  bo  iound 
futu  o  Afitionorae  s  my  sottloUus 

601   lunai  eolpsea  010  iwefbl  fbi  fndmgtliolon  iludcs  of  phcea    win 
eel  p^os  and  occultitione  -ue  useful  foi  tho  «nme  puiposo  ind  -dso  fbi  couoct 
ing  U  o  011011  on  the  lunoi  1  ablos     All  thoae  things  will  be  explained  when  *  i 
beit  on  the  method?  of  finding  the  longitude 


A    TABLF 


He  v  iflcDiffctewx  ofJaMulea  between  tlte  Moon  anT    tit   at  tie 
at  /fie  imtant  ftie  &tat  J  ImmcisiQji  ot  Lmeiston  m  OccullaUo  t 


1     [ 
4     * 
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0     0 
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14      0 
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11 
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n 
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3 
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11    4J 
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10  30 
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10  43 

10  57 

11    11 

11   21 

11    38 

11    51 

1       4 

13  IS 

13  91 

S   44 

57 

10    1 

0     0 

10    19 

10  08 

10  43 

10     G 

11   10 
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11   ffl 

U  SI 

IS     5 

fi   IB 
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U 

n    o 

0   43 
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mr  TABL?  CONTINUED 


I 
<r    * 
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J 
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a  13 
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0     0 

3   13 
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4   98 

1 

S   80 
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6    18 

7   11 

7   34 

7  AT 

14   SO 

0     0 

11 

8   10 
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1   SO 

Sfi 

0     0 

6   26 
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7  36 

I       0 
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6  89 

15  90 
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3   58 
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SB 
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15    10 
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S   17 

S   1 
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11 

5  41 
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0     0 
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3    16 
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1   89 
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0     0 

8   10 

S  17 
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4   40 

30  10 
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S  JO 
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16  20 

0     0 
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S   19 

16  SO 

0     0 

3  81 

16  40 

0    0 
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(0  Sometimes  the  plinoti  -v  o  oolpedbythe  noon  tie  calcul  tona  of 
vlicl  a  Q  inlo  m  iho  aame  manneiiafo  the  aim  \  fixed  t-u  cons  den  g 
UioichUvolo  iy  motion  of  the  moon  n  i  8[ectt  the  planet  mlaitudeand 
longiiilo  in  01  do  t  pet  the  dative  Dibit 

( (X     I J  o  pi  mots  sometimes  eclipse  the  planet*    Mai  t  eel  \  Bed  /wp;^  7   Ja 
nuaiy  9  1  01     Ftfmtf  eel  pwd  J/jj*  Octoboi  fl   1  90    Afu  cmj  w«  eel  ps  d 
by  Vemu  M'vj  17   1737 

007    The  fixed  eti  a  u    BomeL  i  ies  ed  psed  by  tl  e  ph  eta     GAasciniua  ob 
saved  JujHte/  e  1  p&e  a  fixed   U    i  Ihcfo  tof  CVii    Deceml  e    19    1633 
Mr  IOTJNI   ob^ei  el  Juptfa  e  Ip          f  G  msni    No\   nbo   si     1716    the 
middle  of  the  LC! po  ww  at   IB/  I/*/  2  ow  No  3  O    In   1672  Mais 

eclipse  I  one  o{  the   l\  Q  m  Aqua wi    Fnufod  p^odtheiwn  sJBcart   i  1  74 
mil   J8      Iho  fxed  it  11  a  oie  ilao  obw  red  1    be  som  t  me*  eclipsed  by 
Comet*     whiUi   uc  voiy  uaoful  obflcivabonfl  19  tl  ay  «  ve-  lo  a  co  tun  very  a 
en  fitch  tlio  place  of  the  comol 
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Ail   COS         H1N  Di   II  «  i  EI  was  at  St   Ildeni  *l  U  ei  le  wtnlfoa  lie 
puii  OSG  oi  i  ol  ng  a  cat  loaue   f  the  eta  s  n  the  south  m  I  e  nsphi.  L  he  ob 
i>c  1  1  1  ins  L  ofUeicwj  o  ci  tl  e  aun  8  di  c    an  1  by  means  of  d  |,ood  til 
cop     itappei   dt   1   ntl   tho  coild  dcten   ne  the  lime  of  tl  o  ji  giess  and 

0  e.    i  tl  Mil  ts  baa;  s  ibjcct  I   1  1  ei  01    f  l         ipon  which  h    i  imodiate 
ly  co  icla  1  cf  tl  it  the  n  upa  ill  T  migl  t  b    1  ten  i  1  1  by  su  h  ob  civnUons 

1  \  tl  c  d  flo  once  of  tl  c  fan      of  the  t  aisif  om  tho  sm     it  dtff  icnl  place* 
ujon  the     iitl  s  suif  ce     B  t  tl  »  liftc  01  co   s  so      ill  in  Mt  c    /  lhat  it, 
woi  Id  ici  dci  the  co  icli  sion  subject  Lo  i  gi    t  de  i  e  of  macci   icy    in  Vcinw 
ho^ove    \\hoscpi   11  \\  a  nc   lyfoi    Unoa      gieit    8  U  at  of  tho  aun   thcie 
Mil  be  i  vc  y  cm  idu  ible    1  flUcnce  between  the  times  of  tho  t  -\nsitb  soon 
f  om  cl  ffeiant  paits  of  the  o-uth  by  wl  ich  tl  e  occi  iicy  of  tl  e  conchmo  i  will 
be  p  opoitio  ibly    nc  eiaed     Th    D     theicf  e  pioposed  to  dotcimmo  tlie 
Biuspa  ollixf  omthot  iis  tof  Ven  &ovo  the  sin     1  c  obaeivcl  tdffuonL 
places  01  Ui    e\  th      nit    t      E>    ot  i  obible  that  h    1     seliaholllv     to 
obaci  o  tl  e  lext  t  a  s  t    wl  cl  hapj  encd  i    I7fl  1  1  d  17(  J  I  o  vc  y      nc.  Uy 
lecommon  led  Iho  attenbon  of  tl  e     to  tho  Art  oion  i   wl  o  sh   ild  bo  ilivo 
at  that  tin  e     Astiononeis  wue  the  cfoie  sent  f  om  I  n  1  nd  1  1  1  Han  o  to 
tho  m  st  i  lopei  puts    f  tl  e  oaith  to  obseive  both  tl  oa    ti  in  ts    f  om  Iho 
leault  of  wl  ich    tho  paiolla\  his  beo$  dete  mined  to  a  vciy  giciL  dc^  co  oi 
accmacy 

609  K  ILEB  waa  the  fi  t  pe  son  who  p  edictul  U  c  t  s  ts  of  Venus  ind 
MGICUIJ  ove  tho  BUD  s  disc  he  foietold  the  ban  it  of  Mcicu  y  in  1631  md 
tho  ti  m  tfl  of  Venus  i  16^1  i  I  176!  II  o  fi  at  t  no  y  i  tu  was  ev  i  soon 
upon  tl  e  sun  w  s  the  jea  If  39  on  Novombe  4  tll>olcncai  Livoipool 
by  om  c  11  fay  nan  Mi  Iloa  o\  A  ho  was  edu  ated  at  Ti  i  ucl  Coll  too  in 
Uuvesty  He  was  employe  I  in  calculat  an  rjhomci  fon  the 
Tables  which  Oavc  at  the  conjuicboi  of  Venus  w  th  U  e  eun  on 


H  J>    II                1   M  U  tby    t       t  n  U  1       t      tftb    1               \ 

U             tyllhOOUptfthllbtUb  t  »Ul  I    1  1   1  1        1 

1  bl  I  17M   ]       \  h  tU     im     f       I    t   f  U  1mb  f  1    b         d  V             U    till 

I  1  L   U  t  d  g        fly 
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th  it  d  >   its  ippuunl  laUtudo  1  w  than  tfio  MB  idiimttci  of  the  sun     Bui  a 
t-ht  L  lol  los  hwl  HO  often  deceived  him   I  e  consults  1  the  Tables  comtuattod 
nccoihng  to  which    the  conjunction  would  bo  it  Bit  l   A  K  at 
md  the  pi-mat  a  htitude  H    10  Bouth    but    fiomlnowncw 
lect  ous  he  expected  t  lo  tnppen  its!     7  i  if  \uth  JO  south  ]  Ulude     II 
accoidiugly  gave  ihu  infoimabon  lo  1  is  fund  Mi  CiwDrur    at  Miuchestei 
clawing  him  to  obscivt  it    ind  ho  liuuell  also  p  op  od  to  miko  obs  ivation 
upon  it  ly  tiiiwuiUmg  tho  suu  B  migo  ih    ngli  i  telescope  into  i  d   k  churn 
boi     lit  dosciibtd  i  cuclo  of  about  six  inches  dia  ictft    in  I  diu  led  tl  e  c  t 
cumloiuicL  into  960    \\\  tl  e  du  icte      ito  120  cqu  I  ^iits   i  id  ca  scd  the 
sunBimi     to  f  11  ip  the  cii  lo     Ho  bog  n  to  olaeue  on  lie  33  1    and  ic 
pcnlocl  his  obscivationa  on  the    ith  tjll  ono  o  clo  1    wht  i  ho  WIB  miftitui  atd; 
called  a\\  xj  by  business    but  lotuiiung  al  ir  ifloi  ll  e     o  clod     he  !  ad  th 
hitisl  iclion  of  saoin   Venus  ujontbosunbdsc   juat  \\liollj  cuteiod  o  i  the  loll 
Bide   so  IhU  Uio  limbs  peifecDy  co  ncidol     At  3    iftoi  thioo  Ic  A)  ml  tie 
tli  lan  c  of  Vcmu  from  tlio  BUD  9   ontei  lo  bo  10  SO      nd  at  l    afte  tlueo 
ho  loun  1  it  I  >  bo  19    and  the  MUI  wtUng  *xt  0    ftoi  9  o  clock  put  an  «  d  to 
liu  obsuviUonfc     liom  thcBo  obsoiviUons  Mi   HOBUQX  eudan  owed  to  co 
j  ett  ^ome  o(  the  olunenlB  of  tho  oibit  ol  VCIIUB     lie  found  Veu  la  Ind  eateicrt 
upon  Iho  disc  at  ibout  0      90  Jiom  the  voiltx  towu  U  tho  ughl  on  tho  i  mg 
•vvhic-b  by  tho  tolescopo  Maimveited     Homowuied  tho  diamctoi  of  Venus. 
widhunditto  bclo  ihfltof  Ihosun  nil  IS    00  oflnc-u  IB  ho  could  ipcasme 
ill  CBVDIJHJ  on  account  of  the  cloud*   got  onl>  one  w^lit  of  VOTIUB  which 
v  is  al  s/i  45     Mi  IIonnoT    wiotoa  Jjutise  ontitlod  Venus  m  *ol    ww 
butdid  not  live  to  publish  it    it  was  howovci  nftmaidi  pubhrfied  by  Hn7 
jius    GAwrmiH  obsci\ad  Uic  U*n«t  of  J/d<w,i/\  bich  happciod  ou  No 
vroba  7    16  l    nnd  thu  "\  as  UID  fint  which  hid  ovoi  beoii  observed    he 
jinn  lo  his  ohfiOuatioiiB  in  the    mni  manuoi  tint  IIonno\  did  &ftoi  him     Smce 
hn  lime    sovci  ^  U  mills  of  Me  ouiy  1  no  been  ob  oived   aa  tl  oy  fi  quei  Ih 
linppon    whoicii  onJy  two  U*wisirt  of  Vonue  havehajioied      c    the  t  up 
of  lloiuiox     If  we  1  oow  tho  Urao  oi  the  bans  t  it  one  node  w«  can  deter 
mine  in  the  following  raiuuGJ    when  Ihoy  will  piotobly  happen  egaiu  At  U  c 
Bamo  node 

610   Iho  mean  time  from  conjunction  to  conjunction  of  Verma  oi  Meicu  y 
bang  known  (994)  and  the  time  of  one  mean  conjunction   we  ihili  know  tho 
1  imo  of  oil  Ihp  fiutmp  moon  conjuneUonfl    ol  servo  ihcrefbie  tliose  which  hup 
1  on  nou  to  tho  node  nnd  compute  tho  gcogentuc  hbtudc  of  tho  planet  at  the 
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ti  no  oi  coj\j  nctiou    i  >  hich  c  is    if  it  bo  loss  thin  tho  appaient  semidianietei 

of  tho  •>  i     tlio  o  w  11  b   a  tumit  of  ti  o  planet  ove  the  BUI  s  disc     tid  we  my 

let  i  lie  the  juiodswb  n  aich  coijincton  Ijpjci    n  the  foilowin    man 

no       let  1  =llcpcnolic  ti  o  of  the  owth  p  thit  of  Ve  ua  oi  Meicu  y 

N  w  tl  it  \  Ui  isit  i   vy  happen  igam  it  the  some  no  Ic  tl  c  ci  th  must  peifo  m 

i  coiLQ  n  niu  boi  of  co  nplcto  lovolutiona  in  tho  sai  e  ti  n    th  t  the  planet  pel 

foiuib  i  ceita  n  mm  boi   foi  then  they  mu  t  come    ito  cog  uction  a^ain  at  tho 

snm    po  nt  of  iho  tuth  B  oibit  01  newly  n  tho  sine  pos  tion  in  lespect  to  tho 

nod       I  el  the  omlh  poifoi  n  t  io\olut  ons  whilst  the  planet  pcifoims  y  lovo 

htous     ll  OHM  IIP   -pj    th  icfoio  *=.£     NowP  =  S6    28    mlfo   Met 

"    •* 

cuijf  j  =87  )08     UiLidbio  -=4-  =  J7  f'  =  (byiea  Ivng   t  into   is  conti 

y     •*•      ?o    &  o 

mnl  l  flcllon  >  1    I    TB   ~t    Ts?   131  &c     1Ut  ^«7i     33 


-*(     &.C    IQ  volutions  oi  the  cuth  aie  nca  ly  equal  t   4   2     29      l    197    i  )i 
&c    evol  tions  of  Mucu  y   appioichm^  neiioi  to  i  atite    f  equality   the  fu 
thei  301  go      Iho  f    t  pou  1    01  that  of  one  ycai    ifliot  Buihoiently  exict 
the  pouod  of  vx  ycua  will  BomeUmos  I  un^  on  a  etuin  of  U  e  t  ansit  u  tho 
WHW  node    th  it  of  seven  ycais  moio  f  cquently    th  t  of  13  ye-ua  still  noiehe 
qnondy     ind  so  on     Now  thcio  w  s  a  t  nut  of  Me  en  y  at  its  dcscen  U  i 
node    in  Miy  !7Bf     1  onco   ly  contmuilly  idln    8   7    l      3     46&cto 
it   you  got    II  Hio  yei  s  wl   n  tli    t  an  t    i  y  ho  oxj  ecte  1  to  1  ippen   t  th  it 
n<  ie     It    1780  UieLC  was  i  t  ins  t  at  tl  e    scei  ling    ode   anl  tl     cf    e  hy 
ad  bug  tlio  suno  nunibc     to  tl  it  yen  y   i  vill    ot  tl  o  yews  in  \vh  cl  tl  o  t  in 
s  ts  inny  bo  expected  to  happen  it  th  it  nodo     1  1  6  next  t  in  ti  it  the  descend 
ing  nodo  will  happen  in  17JJ    1SS      184     1878  1891     ul  it  tho  ascending 
node    in  18O2    1815     182       IB)      1818    1881     1868    1881     1391      loi  /  <• 

«    P=     *7     hU«o^  =  «j£f.6=±    |L    _7»   &*      lhuo(oioth 

pujods  ajo  8      3     7U   &.c  yea  s      The  Uons  ts  at  tho  simo  nolo  will  theio 
ioio  somotii  es  lotum  at  8  yci  s   but  oitenei  in    S     indstll  oft  n  i  n  713 
&c     Now  in  1769  1  1  ansit  h  ippencd  at  tl  o  de  cond  ug  i    Ic  in  Jim     u  d  the 
next  ti  m  its  at  tho  same  i  ole  *  11  be  n  2004     01     2  47  23         19O  2*98 
3799    2741  and  2981      In  169.)   i  Uan  t  h  ppe  led  at  the  ascc    1  nb  node  n 
November    md  the  n  \t  tnnsits   L  the  same  nod   wllbo   i  1871   1882  ^117 
^12      336O    2  68    26O3    2611    2816     ml  28   1      Theso  ti  \ns  ts  a  c  found  10 
li  ipi  en    by  continually  adcUn     the  po  10  1     and  fl  i  bug  tlio  yoais  when  they 
ni  ly  bo  e  pocted    an  I  ti  on  comput  %    f  i    ich  tiue   Uie  sli  itesfr  gcoconl  ie 
distance  of  Venus  f  o  u  the  sun    center  at  tlio  hmo  of  e  nj  ncbon    md  if  t  be 
lesb  Ui  m  tlio  scraulnmelcl  of  tlio  son    theie  will  be  1  1  m  I 


ON   TU1     rttANSITfl  01    JIEttOUBT  AVD  VBNUS   OVE1     TiD    SUN  S  D1BC 

omijwfe  the  Tme  oftfo  A  anxtt  of  Ven  IB  or  Merc  117  ov  r  ffta^Sunadic 
ind  tie  Duration  t/iereof  to  a  Spectator  at  ffe  center  of  the  Eatlh 
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611    Let  A.  ind  1  be  two  plinets  in  coi  junction    Pfl   j*Q  tleiicotcipo      n& 
uy  motions  pi  allel  to  the  eel  ptc    inlaZi    Qflpependculi  to  it  then  PA      148 
1R  w  11  bo  thei     olmotois    til     Ai^Lt   ii\r»  =  a/»   nd  po  p  nd     In 
toAQ    diwrtiaiillel  to  AQ   i   IjontR   U  ei   sR  will  bo  Uie  iclafcvc     o 
I  on  of    1  s  en  i  c      /       To  U  e  i   L!  t  v    m  t  on        iny  I  e  t  01  a  nu  I   1 
wiyslcUiemc    dffl    ic   oltl       i  al     otoisi   U   a    U  t  I  ons  -\ccoid 
ug  is  they     o          bfl   cnl  o    n  the  s  mo  d  iccUons    In  Uua  J  g  ic  wo  have 
ippobtltlcmlo  novo   i  the  lucdiiectioi    \\\Rt  g  tbo  difiuence  oftheu 
icil   not   nsn  htitudc   an  1  /t  in  longitu  lo      ndby  1   n^noraetiy   ts    Rt 
nd     t  i  TZtf   Uic  it  cli  mliou  of  U  c  lolvtiv   oibit  dwc  ibod  by   /     Js     ooa 
Jbt    i  ul      «    a/   Uio  colu  poiu>  notion  n  the  iclitivo  o  hit      If  A  o  ijpiv 
ths  to  tht  «n  indVomw    ml  AQ,  (.}  ostnttlc  Jo  -uy  loton  ofVo  us  in 
longitude    h  Ui  t  if  tl    sun   in  1  Qfl  U    1     uy  mot  on  ol  Vomis  n  1  U  tu  lo 
then  tht  vm  luv  nj,  no  noti  u  in  lit  tu  Ic   tR  s  the  iclitivo  motion  of  Venus 
in  c  put  to  the,  sun    lent     Q*     QR    i  d     tin  RiQ.   and  COB  RrQ    iid 
?Q    It 

L\   On  July  *J    1709    it  noon  noon  it  Giccnwich   tho  long  ludo  of  the 
eilhuaiB    19    3    148   ind  Uut  of  Venus  8    IS    47     S7    tlio  diffeience 
of  vhicli  wl     21     U  o  hoiwy  motion  ol  tho  sun  (by  tho  1  ibloa)  waa  143  46 
tho  1  st  uico  ol  Venus  horn  tl  c  em  was  0  796  6    hence  (234)  tho  hoiaiy  mo 
Uon  of  Venus  in  longitude  wvs  23    96    tho    fbio  tho  difluonco  Oi      ethere 
Ivtivo  loin  y  motion  ol  Venus  in  ro  poet  to  tho  eaith  in.  longitude    hence 
01         i      21      1  houi     O//  41    i       Ihu  I  ic  the  coiyuncbon  wi8  on  Jino 
i   at  )/    14.    4     nctin  time    it  whicl  t  mo  tho  longiU  lo  ol  tho  ea  Ui  vw  8 
1      37   10      Ihohohoconl  elatlude  of  Venus  was  also  found  (by  thcTabloa) 
to  be  6   J7  noilh  dccioismg   mlilshouy   lotion  in  hutudo  14  CX    1  encc 
1  loui     JA   44    4       14  06    2   17    whidi  subti  leted  Iioin  f    37  leaves  4 
10  the  heliocentric  latitude  of  Venus  at  Uao  1  1  10  of  the  oclipUc  conjunction 
Iho  hstanco  of  U  o  01  tli  fiom  tho  sun  ww  1  01   21    theieloio  the  distance  of 
Venus  fiom  the  ea  th  w  ifl  0  2880    tl  o  moan  d  stance  oi  tho  eaith  horn  the  sun 
baa*  ^ity    honeo  0   889      078G2C    l   10     10  8  tho  gooccntuo  latitude 
f  Venus  at  the  ecliptic  conjunction   which  being  less  than  tbq  somidiameter 
of  tho  sun   Uieio  must  be  a  trmeit  of  Venus  ovci  tbo  BUU  a  Ubo  conta  of  the 
i  ith    in  I  consequently  somo\vhe  e  upon  Uie  au  lice    we  hive  iheiefore  in 
tl     ei      noocci  ion  to  eonpute  the  si  o  tofat  distance  ol  Venus  flom  the  cen 
t     of  Uo  sin   in  ordo    lo  deteimine  wlcthoi  thoio  will  bo  a  binwt     Also 
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02889  072826  91  ,  ,  tl  o  goocenl  ic  1  on  j  ,  cl  o ,  f  Vonu 
fomthe  ui  nlo^tuk  indOSBB)  07  626  11  Ob  t  48  Uio  LOO 
centi  h  my  mot  on  of  Vein  a  nl  luu  le  b 

?  w  ^t^0 " cl  -007  101>  "c  ll  Ul° sul   6  f «•«*    Z>CN  a  o  od  1 1 c 

a  id  on  CO  fooipe  ,die  ,1  u  to  JCtf)  U|ke  CT  =  10  P  «1  r  s  U  o  ,p,  a^t 
phce  of  Venus  m  conjunction  i  id  lot  SPAriepioneut  tl  o  o  bit  f  V  ,m  BH 
seen  flora  tlio  01  th  Now  the  geocontiic  ho  -uy  not  on  ol  V  n  is  floi  tlic 
wn  in  loqgtliido  «  S  3  ™d  tho  fcCoconUio  ho:  uy  moUon  of  Vonug  i ,  1. 

Utudoi,  s  «  hen«<eii)  S  37  2  8  4  ,'d  Un  ol  8  J8  i 
U^molmationoftlioiohtyeoibitlotheoohpuc  diawtheicf  oiWm,]™ 
Uioi, L  IeOrar=8l  31  6  ™  I  ir-W will  bo  the  appveitpvUoi  \ouasccn 
flo  n  tl  e  o  th  Dww  CJf  paipen  1  culm  to  fflj  and  it  wll  b  sect  it  tljoi  efoi 
M  H  (J.c  11,  Idle  of  the  t  amu  Now  as  6K=  10  2S  and  tho  -male 
KC^I/  =  8  8  64.  wo  have  lal  aui  8  28  4  10  as  7M=s 
1  S 

llio  hoiaiy  motion  of  Venm  in  its  idativo  oib  i  IB  found  fain  by  snunt. 
coaino  of  mdiDatum  8    98    51     lftd     8     7     fl  (tho  differed  of  tho  I  OUM 
mot  ons  of  Vc  mi  nu  I  the  mn  aoou  flom  tho  o<uth  m  lon^tude)    401    the 
hoi  117  motion    n  Jt*  i  kUvo  oibit  SN     Ilcnco   4  0  13     i    88      I  1  oui 
fl8     14  tho  tame  of  de«  bmg  VN  \vhicl)  a  Idtd  to  OA  44   4      «  vos  10A  7 
9  foi  tho  middle  of  tho  liiusit 

In  Uio  Uanglo  FCV  ml     coi    rCM=s    13     t     C*  =  io    ss     ^  If 
=  10    21    Uio  noaicit  di&tinco  of  \  n  s  /Ion  the  si  i  a  centc     hence     n  the 
Imnjo   SCAT  CA/=  10   ^1     md  V(7=l      40    tl  L  efoio  i  J/=  1 1      s  Oti 
find  tho  tiino  of  closci  bmrr  A  I  icl    «ny    i    o  1       i  hou      Vl/sli      s  6 
SA     8    34  tholimoofdtttiibin    SM  flhich  ailt  ictedfi on  10/        59    Uio 
time  when  Vonm  was  it  M  fi  vos  7*    9    -j     fbi  tho  J3tf  /win     aid  iddcd 
feiv«  IS//  6    23  fol  tho  Tnr/  moan  t  n  o  nc  oidmg  to  the  Tiblos     Ihc  offcct 
of  Iho  nonBliii-api  alhx  hia  uot  boon  1   10  couwd  led  a-!  t  a    i  tho  folio  ting 
cilcnlnbons   it  bein^  so  extremely  B  nail    comp    ed  with  the  anon  to  which 
tho  labloa  010  «ub]ect 

In  tho  ti  mail  of  Ifcrcury  tl  o  vuiibo  i  of  it«  diatancd  may  be  BO  great  bo 
tuecn  tho  timoa  ol  tl  e  n  LOSS  and  eg  ess  IB  Boneibly  to  aflfect  its  geoconbic 
motion  md  theioby  icmdoi  it  neccssaiy  to  be  taken  Into  co npatit  on  M  do 
1  Isle  me  dculatmg  tlie  tiinsit  of  Meicui)  on  Novemboi  7  1750  fo  md  that 
*6  tine  middle  of  tho  p  umfee  ww  -Jterc  111  by  this  cucumstanoe  BO  thai 
DB  was  performed  in  S3  less  Umo  than  AD 
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A  NM  WctiiodtfcompitMgtheiyjctqflaiaUaA  t  lacccfaating  at  r  Urtd 
in*  tie  1  me  qfffd  Be  tJinttJ^  ot  Lndqfa  7*<WHf  o/Venis  or  Meici  y  over 
thff&unsdtsc     Bj  NailMislefyn    J>  D  I*  R  S  ondAstioionei  Roy  1 


f  I  J   Ihe  scheme  1  c  e  g  vcnieht  s  p-ufaoululy  to  tl  e  tiaust  of  V  nua 
tl  o  Bun  wl  ich  happened   i  1789     Let  C  epiesc  t  the  ccntci  of  tl     sun  JQ     no 
1  tl  o  celo  liil  no  th  polo  of  tl  e  cquato     S  the  aoi  tl  polo    1  Cf>  \  nuidion     1 
passing  U  10  gl  tho  sun  Z  tl  o  7  n  th  of  the  \  1  ce   ADB  o  the  ielat  ve  path  of 
Vonis   o  being  the    Uxt  ve  place  of  tl  c  doscendin     node  A  the  geocentuc 
ph  o  of  V  nus  it  Uio   igioss    B  vt  tho  Cfcioas   ondD  at  the  neoieat  appioioh 
lo  ti  o  fluu  s  ccntoi    as  scon  fiom  \\  o  coith  8  cenlei  lud  o  the  appa  e  it  pla  o  of 
Veuus   t  tlie  cgicss  to  on  obse  vo±  whoso  zenith  is  /    diiw  ou7  ind  t  u  the 
frM]lic  of  V  i  us  when  tlie  appto  n/ilice  snto     nluoisthepi    llavinolti 
tudo  of  Venus  horn  tlio  nn    ind  tho  t  no  of  contact  vjll  bo  \\  i  nisho  1  by  tlio 
Umc  which  Venus  txl  es  to  doscnbe  «J3    di  w  nohonE  p  iillol  to  A3  meeting 
XBpiolicedml   inlJ3rt  ^4/»  tin  ent  totheciole  and  lei  C&Z)  be  pcrpen 
dull  to  AB     Now  tlio  tiapcwiu     uoJ  J3  cm  iccount  of  tl  o  emallnesb  of  its 
sdos  in  ybeconsilucd  u  icctilnc       nlf  om  tiic  nntn  Ul(lo  ol  ^23  compa  ad 
wilh/1^  7J/  miyhoconsido  Ld  s  p-u  ill  1  to  tto  \nlconsoquenUywoZB  mtj 
boconuducd  w  ipn  illol    nun  andthuefo  c  Lo  miy  be  taken  equal  to  Bu 
Now  /  o  —  Ln  +  no  accoiding  as  n  falls  without  01  within  tibe  diclo  LQ.  of  the 

v*^ 

bunt,  hsc    nnlbyTntonometiy  Ln    EB    an  ,C.Bn=cos  CBZ    an 
=  sm  .BCD  =  cos  ORD    honcc  Jatsar<Bxc?L^flg  ind  (by  EU 


L=-.  voiyneuly  b  iBn    BJ     an  5Ln=sm  7BJ3    am 

no      AM       J         J 

x  un 
" 


A    **       o  i,,,™ 

theiefojo  Bn  sa*l-i  -  .  .  rt  .....    hence 

coa 


A±:hoii7ontilpu  Jlaxof  Voniu  from  tho  ran    onl  (1  4)    BL^h  x  sin   Zo 


COS 

x  ^-  =      x  nn   2TB  x   CM    CBZ  x   «ec    CBD 

BA  x  cos  CJ.D 


"n  ZB  xain  XB.D_^Bcc  C3Z)      pat  ^  -  the  t  mo  which  Venus  take* 


by  ti  geocont  ic  olat  vo  -notion  to  de  ciil  e  the  apace  h    to  find  -which  let 
be  tho  ichtivo  hoia  y  motion  of  Veiufl    tl  en    m    h    I  houi  =  36OO     t  = 
/_x5600      iiflnce  to  fin  1  the  time  of  deacnbing  wB  we  hov6   A    Ax  fin 
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.ZJ3XCOS    CB7    s  c   CBD  +  __  IL*  -ll  ^^-Xjcc  CBD 


Bin 


CBD 


t   10  of  lescubin    ufi  01  the  effect  of  p  i  dh\  in  iccoloial  u»  01    etaidn    the 
time  of  cinlict    the  uppci  si^n  is  lo  ho  u   cl  when  LB7  \      cute   in  I  Hie 
lowoi  fflfin  when  it  is  ohtusc      If  Cfl/bo  -\QJ  nculy  mil  ingle  but  obluso 
it  miy  Inppcn  that  nl    may  bo  lens  thin  no  in  which  c;se  nE  s  to  bo  til  en 
fiom  fio  accoiding  lo  the   ulo      iho  puncipil  pi  t  nl  o(  the  oftcct  of  puil 
lax  wxll  inci  eist   o     li  mm  1    Iho  pi  mot     du>t  ince  fiom  tho  sun  s  contci   it 
coi  Tin     is  Uic    u  I    4BC  is  aculo  01  ol  tusc    but  tho  am  \11  poit  no  of  pn  allix 
•\vill  ilwiys    nciciso  tho  phnct  B  d  it  nco  fiom  tliu  c    t       lik   Uic  efo  c  tho 
sum  01   lifTi  enco  of  Uio  oftoUs  u  th  the    gu  of  tl  o  gic  to     IB  to  mci  e  is  n^  01 
decioising   the   pi  met  s   1  s(  mco  Ann  tho  conlei  of    the  sun       Otlie  wise 
stite  Uio  lulo  thus      la)     Uio  bum  n  diHueicc  of  nP  and  no    vccoidi%  n 
7BC  is  acute  01  obtuso    and  tl\o  dislaixco  of  the  plin  t  f  o  n  tfaff  BQ  i  s  cc  itei 
will  al^ftji  be  ncicisod  in  Uic  flist  cu>o  and  d  mimshtd  11  the.  flecon  1    oxcq  t 
ZJBG  be  ng  obtuse  andnc  u  00    nL  shill  bo  loss  th  n  no  n  1  then  the  disUucc. 
f  om  the  sun  s  contoi  will  bo  mci  cased  by  the  daflbienco    If  ZttC  bo  acute  tl  c 
p-ut  nE  wdl  rotoi  d  Iho  my  osi  un  I  x  CC]L  atethtcgiess  bitif  ZJBC  be  obluso 
the  put  nl  will  nccdoiato  tho  ngioss  ind   it  1  1  tl  c  c  ira     In  1  ko  raanu  T 
tho  poinllix  \fftclsUio  ti  \o  of  tho  )  h  oL      on     to  any  ^v  i  \  i\  t^ii  >m 
tlic  sun  s  CLiHci  bcfo  o  o    iflci  tlic  mi  I  He     I  tl  L  tianst      11  o  ecoil  put  of 
tho  concct  on  \\  11  n  t  o\cc   1   )    01   id  >f  t  no    i  tlic  ti  n  ts  of  Venus  in 
lYfl  ml  17CJ  whoi    tl  L  noai  cst  ippi  o  ah  of  Vcnm  to  tl  o  si    s  cci  tei  wan 
iboul  10      InttiLtiansts  of  Maun/    the  fli  tpul  aJono  will  be  sumuciL 
except  the  nouost  disU  ico  be  much    10  to 

CALCUI  AIIONT     As  /    soc   (  HD  is  a  constant  quantity  foi  iho  sime  1    ns  t 

find  its  Logaulhm  an  I  it  will  bo  constant    ind  as    x/*xs<^  L        —  is  also  con 

AB 


stint  find  its  hffi  ithoi  ind  you  geta  second  constant  loga  ithra    Hion  toflid 
the  fiiat  01  p  nc  pal  cil  ct  of  pai  all  ix  n  Umo    to  tho  frit  const  int  lo   i  ithi 
idd.  the  log  suio  of  tlic  A  i  Lh  dist  mco  7B  and  tho  log    tos  i  e  of  CB4  and 
the  sum  is  the  logtuthm  ol  the  mst  put  of  the  effect  of  pai  Ihx      ind  to  tho 
second  eon  L  ut  logai  thra    add  twice  the  log    B  no  of  tho  /cmll  dist  mco  /B 
ind  twico  the  log   sine  of  4BD   and  the  su  n  is  the  logi  ilhm  of  tlic  second 
pait  of  tl  e  ofifcct  of  p  iilhx 

613    Trom  tho  Tibles  of  the  sun  s  mot  01    tlie  d  t  mco  of  tho  sun  fiom  the 
enth  at  the  time  of  Uio  transit  wo&  1  01  314    tho  mean  dis!  ncn  1    ng  un  (> 


ON  THE    U  \VSII  4  01    MIRCynT  AND  VLNU*.    O\    R    UU    SUV  S   DISC  101 

anl  Iho  suns  homy  not  on  wu»  148  4  7  uico  icclel  by  ll  o  off  ct  of  ll  c 
mensli  i  1  1  11  ill  x  r  o  i  the  I  bles  of  Iho  i  Uon  of  Vcni  th  1  lu  c<± 
Vcmsfiom  tho  si  was  07  626*8  its  men  1  stincc  1  c  n  0?  39  in  I  Is 
men  hoi  y  lolionwis  340  8  hence  (BS4)  ts  tiue  hohoce  tuc  1  01  uy 
notion  v,  \  238  981 

OH    Po  explain  the  effect  of  the   leiBlnial]  i    llax  lot  S  be  tho  sun    wu     IK 
Uoenthsobl    tile  ceutei  of  t  w  i)  of  U  o  r  itl  1   \  d  moo    AT    MTV    1  <> 
tlic  o  b  L  of  tl     1100          I  1  u  tl    oib  t  of  the  ex  Ll    which  ca  1  desc  bob 
ib  ul  U  c    cent  i  of          ty  C   Vfl  dst  tl  t     i  lei  ILSCI  b  s  the  o  bit  tw     iom 
K    S.E    nloi  W  1  Uillti     pependculii  Ci    U    a  U  e  -viglo  TSC  i    lie 
mcnst  i  1  p  iall  x  -wl  icl  il  Is  mixunum  01  whon  CL  is  pu^  oudicuhi  lo  GS   » 
7  1  UL  in  ud  loonb   u    it  tho    mean  d  traces    lotthefoimc   be  icpie 
s  ntcd  by  uj)  ty    md  lit  w=tho  mem  d  tancc  oi  the  moon      Jhon  Cl      Ca 

7  1  G£E  =  7  1  ^£-=  7  Ixsin  elong  a  ftomowhon  the  TOH  aid  moon 
-uo  it  then  me  in  d  si  ncot  but  C&  E  1  11  st  vii)  nvois  ly  is  II  c  1  el  ico  of  Iho 
BUU  lenco  C?  1  7  l  u  elonB  OS.L  =  7  ix!1  ft  it  iny  d 


tmteCS     iko    byv\yingCL   Uc    n  le  CSJ   musU-u}  u  piopoilion     bit 
CC\i  cs  wCV   hcrce  m    CAf    7  l    -  —  c  °—     CSI  =7   1     bin  Jong 


--=.  (becuue  Uie  hoi   paiillaxof  «  ^al^cs  nvoisol}  is  ita  di  lince) 
(.  S    m 


71xBndon     ^eonoi  poi         henco    ^o  „  ciomont  of  tli  s  angle  (the 
GA  x  hoi    i  u  « 

an  It,   it  elf  only  hen  g  suj  posed  va  lable)  =  7   l  x  oloifc    x  cos    elong 

luonho    pi     «     butnonhoui  eIoiT~t=hoi    mot  «-  hoi    mot  Ot=// 
CS    1  01    pu     4 
hen       Iho  homy  motion  of  U  c  monstiu  d  \  01  of  o  in  /  on  ttude  =  7  1  x  U 

,  no  in  ho    pi      « 

x  cos  elon     xrE  —  L"    ^.  —  r 
C6  x  noi  p  i     4 

01     Io  hnl  Uiemonstii  U  1  01  ly  mot  on  uhlitulo  1  t  tC     jopicsenl  tlio      n 
ecliptic    J/Uieooith  M  the  moon  C  thcu  contoi  of  giavily  iiid/tpopcn      i   i 

diciilutoCfe    then  Cl     Ev    7  l     7  1x       =  ^  1  xsm    a      lit   v,l\  ch  s 


Uio  sun  s  lit  tudo  U  tlie  mean  disl  UCLS  of  the  sun  and  moon     indif  /  =tl  e 
noou    hoi  uy  motion  in  1  lilil     ly  pioccolug       bcfo  c  \\     get  Iho  Jio 
my  motion  of  the  monstiu  dpai  ill  i   in  faktitde  •=  7  l       cos    lit    «    x  k  v 

DC         '  l  U    t  d      ss~  x       a     d    b    t     i 
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menu  ho    p  u    4  j     u  i_   ,-L  ,1 

O  a  disT  xhw~pu~T~        w  bame  Wly  •»  1*e  «  moi  a  m  latitude 

Hcnco    tio  corapititon  of  these   manhhos   it  tho  t  ne  of  the  ti ana  t  in 
1769  when  the  hoi    pai    «wis61    28       «  s  ho     mot    37      7  8     o     ho 
mot  S   23       gives  Z/=SJ    Si  3     hoi    mot    «  ht  =  J   23          Q  s  dist  e= 
101  3H     itidthemomhoi  poi    4  =  6     9     «Uio  atlheUmo  of  Uhis 
cos  elong  =1 

^1  b  08  IS 

r      9  log  Bin  8  2194 

61    JB  co  *u  lo     Bin  I  7176 

3       943  l)fc    s  1  80148 

1  Ol  21 1  CO  u    lo  J  093 


0  0671  hoi  mem  p*u   o  in  Lort  88266 


7i  log  oa  ia 

-69  log  Sin  8  2194 

61    28  co  «U   log  s  n  1  7476 

^    32  log  sn  6992O 

1  01     14  co  u  lo  9999 


O  0064  hoi  moi  pii    Q  in  fat  8  80  8 

Ilcnce  tho  sun  s  hue  hoioiy  motion  m  longitude  is  143    24 

nr          016   T  ot  C  be  Uio  Bun    C  e  P  u  i  Bern  ciiclo  n  the  phuo  oC  the  oibit  of 
1  ^     Venn*    Q  Q  o  i  bomiu  cle  in  the  pl-uio  of  tho  ecliptic    1  too  pi  ico  oi  VOUUB 

ind  di  w  1  I  po  pen  Uculai  to  a  Co    ind  1  e  peipcndicul  u  lo  the  pi  mo  a  Q  ts 

and  join  cd    now 

Kftd    coaincl  5  sob     Pd    de    t-uiPCo     Ian  eCls  =t-ui  PCv  xcofl  ind 
o  tho  increments   and  we  get  eCe  =.1C^  xcos    incl    x  "cc~TCo~x 


c<s  fl(!  o      becinso  thcinuomont  oi  the  tontont  of  in  ingltr:  flcicm   irtx 
ndiufl  boing  unity     Also   PC    Pd     bin  7  rfc=inchn     ain  ICc  =• 
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helioc  lit  of  s    billC      Pd    nl     sn    Pwoi  PCo    iloiofioxod     mn 
PC  o      an   inckn      wn  lit  PCfe=un  ind       an  ./Co      Tilotl      icio 

menta  ind  wo  getTCtf=i  Co  xcos  PGe  xsec  7  U  xsin  3    23     o 


617  LctS  bo  the  ron    2™   F  two  colompo    ly  ^li  OT   of  tl  e  caitl    ind       if 
Venus    md  iftei  i  am  11  spice  ol  U  no  let         1  \  bo  tl       coten  poi    y  posi      J 
tons  the  pi  ice  wb     g   fllctelbytl         ton  of  ll     cnitl   *bout  tie  coil       f 

i  iv  ly  of  U  o    i  tl  i   I  i  oon  1     n^  tl  e  nt    m   1  it    t  Tie    U  en  uSX  =  JC&\ 
—  /Stt=l  1    lot    (     1    e  —  Icl   i   t  eui  Ion      nclud  og,  the    bangs  of  tlo 
menat  uil  \  xiillix    bei   e     tiX(the  xpp    lid    mot     ?  f  oin  e   u  loio-) 
(Si*\(tl      ip    ct  o     tcoc   not  ol  4  fiomonlong)    Aw=;2K    8X—bV 
boc  iibe  the  11   1  s  bcin    braill  they  miy  be  tikcn  as  the  L  8  ntn 

618  Ictil&o  ^«be  tliomoboi  of  the  oiith   n  i  email  Bp    o  of  Umo  flora      ua 
2  to  r  peipondiculii  to  th   jline  of  the  ecliptic    ind  Vu  the  conefijoidin"     1   1 
mot  on  of  Venus    whate  ti  o  not  on  Te  is  tbit  ibout  the  conto   of  ftiiv  ty  of 
thooutbml   icon    i  littudo      Ihcn  the  h  locontic  not  on  of  V  n  us  fora 

the  ei  U    n  lit  U  lo  =  FSu  i  JSe  (U  e  f  g  i  o  be  n   id  i  ted  to  iho  ci  cumblinco? 
of  the  tiny  t      1769) 

f  10   Let  FS  I  bo  the  holioccnl  c  mot  on  of  Vei  UB  f  om  U  o  caith  in  long       rro 
tulo(=tfS\m  Ail  fl7)    K/lcngp  ip  nlc  1     tothoAF   ind  lot  /So  bo     1C 
the  hoi  ocuihic  m  tioi  oi  Vouu    liora  tl  c  c    Ui    n  lit  tudo  (=wS   m  A  I 
618)   od  bem   paipondiculu  to  U  o  ecliptic     tlion  the  hypolbenuso  Vo  will  bo 
the  ipincnt  hoboawjiuc  pall  of  Venus  lohUvo  to  Iho  eaitli  supposed  to  be 
atiost     ml  )Vd  v/ifl  bo  tie  ingle  which  Venus  a  ippnont  hebocontaic  motion 
fiom  tl  c  PI  ih  raftl  eg  with  the  odiplic  01  wl  ich  is  tl  e  sa  no  the  angle  wb  ch  t« 
ippaiont  ^coccnt  ic  notion  f  om  the  sun  mikos  with  tiio  ecliptic     Now  FW 
(tliolol  mot  of   9  Horn  e  nloi    )    dSo  (Ishel  mot  horn  0  in  lit)      Vd 

do    iod     tin  oFl  uid  7d    Vo    i  d     sec  oT/ 

f20   Liatly  Id,  S  I  FK  the  conlcia  of  Uio  sun   coill    inlVonm  and  TA      n 
Bomidnmelci   fthoeuUi    ihcn)P^  =  F/     SF    AS1  (=.  o 

oftiehoi  pn  of 


Calculation  f  om  At  Ink  616 

Hel  long    e  by  oba  it  HUB  tiinsit  8     4    3     s 

Vonuaahol  long  alinid  oftinvt  8    U    38    13 


Aig  of  S  lat  of  ?     01  dist  of  sfrom  o   1  0 
itbeiBg  aomuch  fllioitof  xtifl  sconiioino  ) 


104 


ov  TEE  rn  urara  or  IIEIICTJBY  AHD  VBNTTB  OVEB  THE  TON  &  DMC 


1 60        =1       7    22 
Pd6L  B  =9    23   20 

cC»          =1       7   1 


Jog  iiUo  cos  cCeto  COT  PCe 


Log  i  U  o  of  tl  o 

Tog  co    3    23      0 

IIol  ho    mot  $mloDg  298     81 

Hcl  hoi   mot  ?  on  ocl  337  96  M 


Pe=l      7   $3 
£  tt  =9    23    20 


=0 


0 


log  tin    8  2022268 
log   cos    9  90Q2S99 


lo     tin    89914667 


00000003 

OOOOfOOfl 
9  9Q9S399 
lo      2  977272 


log       976  1°- 


log  am    8  39  2  M  34 
lo     BR    87716814 


lo     an    7063824S 


By  tliia  ibrmuli  FCe = TC  o  x  COT  P<?B  x  flee   PCc  x  s  n   9    23    20- 


3     29    20 
I       7    22 


039 


log    2  977272 
lo     Bin    8  7716814 
log  co?    99999166 


11  1488700 
log  cos    999J9997 


14  0687  bcl  mot  of*inkt 


lo      1  1488703 


ON  THE   TRANSITS   OF  AirBCUUl    AND   VENUS   OVER  THE   bUK  fl   DIIO  40 

Hcl  ho    mot  9  ed  to  ccl  ptac  287  9644 

IIo    m  I  o    ncludin    cffclraenst  pai  149     24 


IIcl  loi  mot  ?fiomOLD  Io:g  94  440i 


takufaUonfrom  At  tick  818  and  619 


94   4104  log    1  9751   79 

lid  hoi  mot  9  m  lat  14  0887 

•  9 00064 

?  \  Q 14  09   1                        log    1  1400682 


8      9  19  l7/.iel  ob  mileawitl  eel         tin   9 17SJ104 


a     o  19  17  con  log  cos  o 0017838 

9i  4101  log    1  97   1   78 


9    4861  app  hoi  hor  mot  ?  16     con  log  co?  1  9799416 


Calculation  J)m  Aiticte  617 

9     4864  log  1  9799416 

Tr=0  288949  coarlog  0    391787 

S7=0  73636  log  986109 


340  0038 app  gOOC  mot  ?4o  log    2  38O3I  8 


108  ON  THE   TBAK0ITS   OF   HDRODBY  AND  VENUS  OVEB  THT   SUN  S 


CafadaUotiJiom  Att  ck  620 

Assunt  the  8iu  9  noai  lo  ronUl  puollix  8  83    \  10  ill   to  vh it  ^14  do 
toim  nod  f  o     il  e  obse  v  t  ow  of  the  U  urat  in  1761     wo  the  liccipls  to 
MAIEBH  1  bios  pago  81  and  114 

8  83  log   091  OCl 

1  01  314 o  sdiBt,  Home  log  0006  i 


8  608    1  oi  pai  o  on  day  oftianait  log  09894  If 

2  F=O  288919  coai  lot   °   JJ17J 

£F=  072026  IOL    98610) 


Si  864  ?  s  hoi  p  u     o  luiing  U-uisit  log   l  S3J7-JO 


To  find  the  ippiront  time  token  by  Venus  to  move  ovoi  its  hoi  zonlil  poiol 
hxfiou  tho  sun 

As  2K>  0029  9  B  hor  mot  >  . 

Omoan  time  in  tel  oib  J  co  01  log   7  6197848 

IB  to  360O  lo      S      6  02 

BO  IS  1  log    0  0000000 


to  14  99986  t  no?  like*  to>  , 

niovol  AomoinilaibS  lo     J  17°°87 

1   861  hoi   pdl   ¥    O  log    1  339^20 


9    memtino  9  mo\os>  ,       rt    ,   __^ 

ovoiitahoi  par  flora  o  $  log   2    1  807 


But  24  horn*  of  ipp-uent  t  mo^2lA  0  10  of  mean  Umo    honcc   to  loduco 
tho  mean  to  appaiont  time 


App    time^  47  Q     0,8640  ^      000000 

Mcintino~24A  0   10  "8641 

827  9  log    2    1  807 


8fl7  91 S  app  tune  t  moves  oven  ? 
ilahox  pai    o  whchput=/  S 
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.Timeofobs  afftst  nt 
co  t   it  Wei  dhus    rod   tol 
6       ente     ly  some  fc 
moi  calculations 
Difl  moi  L  of  Greenwich 


9   40  40        D  second  mi  cont  1        34 


4   17 


Ap)    tiniOTBtGieenwicl        7  SO  S3 

O  B  dechnit  ons  22  3  ON 

O  B  I  I  PC  f       N  p  le   67  J4  10 

O  B  1  t  SGI  01    fc>  pole    113  2  0 


Angle bctw  cclpticiil 

p  i  vllol  to  oquitoi 
App    nd  s  B  lei    oib  > 
od  pt  c  Ctt  B  > 
bet  p-u  to   qi  ) 
ind  s  a  icl    ib  J.  OD) 


8    2J    19 


1      Si    SO 


4    17 


IS    18    47 
2    27    3* 
67    32    25 
27    3 


0      9    27 

8    29    19 

1      28     18 


no 

1   8 


indmei 


Its  supp  a  C7 


82  4   40 

97  20 

81  SO    41 

1  31    SJ 


83  0  3J 

90  9  27 

81  SO  41 

1  28  16 


681  Wo  sh-dl  lake  tho  1  ffiaonco  of  soin  uimetcis  of  tho  nun  ind  Vomw 
A  lolalAMDE  =  l  l  1  which  IB  wlnt  ho  found  necesaoiy  to  icconcile 
Ihc  totil  dt  i  itions  f  Uie  Ui  lU  in  1761  in  1 17G9  with  the  mot  on  of  the  node 
of  VOQUS  s  o  bit  in  tho  inlciv  il  known  nc  ily  By  some  calculations  of  this 
tians  t  VL  1  1 1  f)i  nd  tl  e  cl  o  1  TCKI  bed  by  Venus  ovoi  tho  aim  between  the 
two  ntunil  conticts  icd  eel  to  Ue  centoi  of  die  c-ulh  to  bc  =  1368  7 
Uencc  tlioscmichoidis68l  8  wlhwlich  uid  the  diffetence  of  enudi 
ametc  s  of  t!  o  sun  and  Vonu  l  1  l  above  mentioned  we fnl  tJ  o  not  oat 
appioach  oi  Venus  to  tho  BUI  s  center  md  tho  ingle  which  Venus  a  path  ovea 
the  Bun  seen  from  tho  cenUi  oi  the  eiith  mikeawth  Uxe  radius  of  the  «™  - 
disc  at  the  two  mteinil  contictB  aa  follow 


101 


nn 


OF    H  ni  i  u\    M   \     i     <\nt  un     i       mi 


(  Ittttiiit/  1  a   It  t  r   i» 

A   in     il     in    M  H  I         iM  I      I'  i>  II    I    \l 

I     iii    it  t      i  ll       I     i     1    i      Ml      It  ii   I    H    I      I  Hi     I 

Mum     Hit     l  K    <I  "»l  m 


t     I 


H   H 

101    Hi     di  t  I  on  ) 

M   I  IM     iM    1  U         M   11)  (it  111     II 

//    (I      lit 
s;     ofi 


H      I 


0   NH     I 

J,     0   Mill 
0      III     I 
U   M  10 


I     IN  I     I    1  U  II  111     11     M(  1          II  tl 


L  i  fnul  ih   upLinruil  turn  Uk  n  I  \  \  n  H  1 1  i  w      n  t  i   li        i    1  p      I 

li\  (i  m  ih     in 


AH    U)  00   19   i  lir  i   tu  t ) 
lint  an  Ui  it  m  id    rl  5 

i  (     1HH> 
H       1 

to  1 1    1 1  (*«  r    i      i  1      i  ) 
i    \    I  1  i     1     I  * 

1  m  i  Ii  u      \ 


I     Ml  III  II   It        I 
\    I  111  II    I    ]HI     I     III     I 


id  if  1  J,  III  17HH 

1  tin 

I  iMNMHMt     I 

I  110 

I   i  I    Ml      O 


Hul    Mi  nnul  itiiiirnU  Unit       \1 
iht  1 1  i  M  I     1 1  u  i  M 

AH»  (HI  tf  n  <  HI  10 
M  tnUiiiu  kl  o  in  HI  H 
8J7  ) 


n    In     I  ui   in  I  h  IM       f     r<  luci 

I       oooon  o 
I  .          in/ 


I/I 
UH  hor 


(  l  me  9  menu  i\  r? 
ii  ic    wliuhjiul-/  j 
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luno  of  obs  ofjint  nt 
cont   at  WardS  w   rod   lol 
G  s  cent       1  y  some  foi 
moi  cilcuUtio  a 
Difl  mei  L  of  Greenwich 


B    10  40        D  second  mi  cont  1      23     4 


a    4   17 


App  t  mes  al  G  eenwich 

7 

SO 

2 

O  s  dec!  natio  s 

23 

3 

O; 

O  s  d  t  1  6  i  o     N  pole 

67 

J4 

1O 

Ofld  t  SGionb  \  le 

112 

2 

0 

Angle  botw  eel  pt  c  n  1  ? 

7 

30 

p    dlel  to  cquito         5 

Api     iicl  ?  s    el    oib) 

8 

30 

19 

onot    ocliptc  CvB  > 

Sun  =^  bet  p*u  tocq   ) 

1 

4 

99 

n  d  ?  s  iol  o  b  I  C.D$ 

4    17 


IS     18  47 

"3    27  35  N 

67    92  2 

113      7  3 

f      9  S7 

8    29  19 

1       28  40 


no 

1   8 


LCP  ^  ol  eel  ind  mei 

Its  supp  8  67 
«C7)  =  cora 
Difl  =:J  CD 


83  4    40 

97  SO 

81  SO    41 

1  84    SJ 


8fl  0  33 

9G  0  37 

81  SO  41 

1  28  46 


681  We  sh-01  trko  the  d  flaenco  of  Boimliimoteas  of  the  sun  *uid  Vonus 
wUiM  lokTANDi=i  1  1  wlibiswh  thoionndnecossaiy toioconcilc 
Uio  total  li  i  itiam  of  Hie  Uin*U  m  1761  in  1 17f9  with  tho  mot  on  of  Ibo  node 
of  Yen  L  s  dibit  m  the  mtoivil  1  nown  nea  ly  By  aome  c  Icihtunu  of  this 
Han  t  VL  hid  f(  un  I  tli  cho  1  dcsciibed  by  Venus  ovci  Ae  sun  between  the 
LTO  mtun  1  conlurts  cd  cal  t  the  centei  of  the  cuth  tobe=lS68  7 
Hence  Uio  semi  choi  1 1  fB4  38  w  th  wl  oh  -md  1he  diflfaence  of  eml 
nmclus  oi  tl  o  sun  and  Von  i  1  1  1  above  mentioned  we  f  nd  tiu  ueueet 
apnio-xcl  ol  Venus  to  Hie  sun  s  contei  md  the  ingle  which  Venue  s  paAh  over 
tie  sun  been  fora  tho  centei  ol  U  o  eaith  mikes  with  Uw  iidiua  of  lie  sun* 
diw  at  the  two  mteinal  conticte  ia  follows 


406  0V  THE  TBANBITB  OT  MLROUBY  AND  VENUS  OTEtt  THE  SUN  8  DISC 


Calculatw.fi  om  A\  tick  620 

Asai  mt,  tl  e  sun  a    icon  1  o     onlU  puillai  8  83  i&ie  il  I   to  wh  it  wia  <1 
t  imin  d  fora  the  obseivu  on*  of  tilt  U  mal  in  1701     sco  the  liuxmls  to 
s  1  bios  p  go  81  iud  111 

8  8S  Io      091  Of! 

101  214  OB  dial  fiome  lo     oooo  i 


8  698   1  01  poi  oon  day  of  Uanmt  log  O98944.r 

2F=028S94J  cow  log    0  53917J 

8V  =0  7  026  log    0  8010) 


SI  861?  9  hoi  poi     oduungUin&i  log    i  3397,20 

To  find  the  ipp^uent  timo  tikon  by  Venus  lo  move  ovei  its  homontil  p-u  il 
hx  torn  the  sun 

At  940  0023  ?  8  hoi   mot )  , 

Aomein  time  in  id  oib  J  co  -u  lo     7  6197848 

IB  to  3600  ]0      3      6302 

«)  IB  1  log    0  0000000 


to  14  99986  t  mo  ?  tikes  to)  , 

movo  1  fomom  el  oib  J  °      J 

1  804  hoi  poj.  ?    O  log    1 


927  9   meant  mo  9  moios)  , 

ov    lUhoi   pu  fiomo  J  lo     2    1  807 


But  34hoursofippaienttimo=a4A  0  10  ofmeintime    hence   to  i  educe 
the  mcin  to  -\ppTient  time 


App   timo     -4/  0     O      8640  ,        rtrtrtArt  rt 

Me  nt.mo=IIF5-To  =8641  lo     00000  0 

327  9  loff    2    1   8O7 


387  912  ipp  time  j  moves  ova  \  ,       a    ,  _w  H 

itshoi  pai    10  which  put=f  i  10fi   3   157  7 
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Time  of  obs  of  Jint  nt 
conl   it  Wardhito    tod   to! 
6      centei    I  y  s  me  Ibi 
tnoi  cil  ulitions 


D  fl  moi  L  of  Gieenwich 

2     4    17 

App  t  mw  al  Gieenwich 

7    30    33 

O  B  ded  nat  o  s 

23             ON 

O  fl  Hi  1  6  i  o     N  pole 

67    34    10 

O  B  d  t  SC  1  o  i  fc»  l  ole 

113    2        0 

Angle  belw  ccl  ptic  a  id  7 

7            SO 

p    did  to  cquilo         5 

App     id  f  s  lei    oib  £ 

8    29    19 

onolo  <•  hpbc  CvB  > 

Su  n  =  L  be!  pi    to  cqi  ) 

uu   ».  —^  *,                   4                             i        ^ 

1        4    99 

u  d  $  a  10!  o  b  1  CZ)3 

B  40  40        D  second  mi  cont  l      23     4 


3 


IS  18  47 

a  27  85  N 

67  SS  25 

112  7  3 

0  9  87 

8  29  19 

1  28  46 


no 

1   B 


mdmei 


Its  qupp  tt  Cl 


82  4    40 

97  30 

81  90    41 

1  Si    09 


83  0  33 

90  0  Vi 

81  30  41 

1  28  40 


6  1  Wo  -Ml  t-J  e  the  liffwenco  of  som  druneteii  of  Uio  Bun  ind  Vonus 
wlhM  Icl  JANDI=I  1  1  wl  ch  iBwlithefonnlnccoBrayloicconeito 
Uic  tolnl  d(  i  itiotis  of  a  o  UITM  U  m  1781  -\nd  1769  wlh  Hie  motion  of  Uio  node 
of  Vo  us  s  cubit  m  Uio  mloiv  U  known  ne-i  ly  By  BO  ne  c  Ic  uations  of  thu 
t  ansit  we  In  1  f  >un  I  the  cl  01 1  doacubod  by  Venus  ovc  the  mm  between  the 
two  nU  nd  conticts  icdiic  d  I  the  contoi  of  tho  enitl  tobc  =  1808  7 
Henco  Uio  sumi  hot  \isf84  28  with  wl  ch  md  the  ditoence  of  en  li 

uncU,  s  oi  tl  P  sun  and  V  nus  1  1  l  *ov  mcnUoned  we  find  U  e  nci  e«t 
appio^cl  of  Vei  us  to  the  sun  s  contei  and  the  injo  which  Venua  a  path  over 
the  sun  soen  liom  the  centei  ot  tho  eutb  imkoa  with  iho  iidiua  of  the  urn  a 

liso  at  the  two  intein  U  contictb  n  J  follows 


OS  fill  TRIHilltOr  VJRCURY  A  D  V»     I          |RH»                i 

Jl       I   I  Ml.      H         1     II     «  |  4             i            | 

M       1      Ml       \              HIHI  1              H              ) 

J 

to     s     10  tn 

11  !  i  u   * 

H     Jt    8  7     C  iD.tni)  I  .      M    IH      MIJ 


/     »     n  I  rf       i     f 

<    ">      H       M      I  ,  01    141 

Jtnl     n  Mill  In  it  dim  run 


f-U     M 

r     w  C 
A     Jl   BCU 


41071* 
niH     7  M  «    7 

S    M/toii  I  it  J  pi  Elm  (    ,   , 


ofnl  indmond  H  +  »cr  «  i     w    u 

/  )L««itppUminn  i  o  ,       ^ 

00       H        )    ID  HI  K)  4|  ,      ^    4J 

1  4  if  I         f     M 


on     n    H    a  I 

i       fM        t 


Dljla  /(/  ^    41     M  tun 


Ihc  Client  iluiM^I    AC1    Hi  re  i«  KII    i   f(     n    ,       if     « 

icr  wd  <c/,w    Mf  ii    mhnyjf/    u      ,    «  ,  /if    ,     , 

ltf  /alJJC/>  B*  /JB  !  "»i  tfc  i  «-«  t  I 

om   I  cuu  (  f    and  Jl  fe  ,H«at  whu  .  ,  rj     ^  p^  J 


ON  Tllf  ItUWflt  Or  JtXKOMY  A*D  V*UUI  0titH  IUX  lUftft  DWt 


•  W    M    II  (cw  J9a*17  Un   JH09  3 

1C       a  M  i          un  701  oo 


t Q   s  0    19    *)          (an  7    7117  HIU  7   7150 

PC    -07    14fc  10  


3(7     1    J.\  to  u  mn  0 

Ml 

<tA-  o     H         1  LIU  7  u  H7 


Ml     f  i          JH          i*  JOH7*  tan  10,809*6 

BC    -  0    11   1  un  70*700 


Crt    -    0  0  41         inn  79)071  sin  79907* 

C71    -07  JV    10  
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rind)  inclhul  )l  Ini  In  ^  Mi     III  i  n       Mli    I  n  u  1  1        II       |li       \\    , 
Uic  ami    li    rvrtlitn   \\  i    mi  I       I   i        ipi    il      (I    i    1  |      II  ^  u  i  lm 
Midi  dm    III      I    i    In  in   (tuli)li      i    il     tt       n      i    I    i    ihi      m  i 
(I  (firm  Ih  nnil  lilt   lilhr  IM      I  (It    in      i   lit    I  II  i      t    I  il     1  ijjiuil 
lurtvumjk     u     h  u    I    MI  (|«>,c  l-U)  III  t  III    Urn     AI  \\   rllii      MI  I  t)|n 
lieilt   AL  \\lnih  Uu  lir  I  inumaJ  t  mimi  u.  ul  I  I  il    1  1  t    ji  if     1  1  il         niu 
me  J//  40   H  a  mil    I/    m   ;    o     th    I  ll  r  it       t  ulu  1.  1    u/        m 
Jt   51  Uu  liflirtuiD    I  iht  imrdiin       I       i  tli    m     i    i  t  I  ri 


Irom  llio  inuwli  at  MtroffTi  Mr  Sn  mr  »  und  ih<  liff  itn       I  il     i  (m 
)l  (rcuitticli  null  imtilH  U    I     »     M  llrtm  UK  tnn  u  tl  \   nu   in  |  u 
to  In   t   10    in  inm 

MJ    I  In  Iran  u     I   \   nu    ifl  1  1    ,      r\   n    i     I     nil     I    f  ftn  ling  tli 
plmt  al  (In  iia  U     lut  U  lli    ol  inu    n   HA!    In  Mr  Hi  r     u  i  >  01  \(r 
nton  m  Hi    truiu  I  SliUd  ul    Vn     K      ll  i  I  i  i  tli  i  m    (  W  w  i  rU  tri  U  I 
UP  10  10    htnti    ta     MCI      a      n    it     rail     (A/      lu   to     (I 
10   17    Uu  ^totcnlni  Umudool  Vtmi    ai  tit    bint  of  t  ummtu  i     du 
0  yfl  0     OJHHH        10    i?      4       Uu  Itrduttntnf  Uuiuck  C/    ol  Umi 
lioniu   Un  /  \C       j      i    w     uui     i|u   |wUwimtra  Ulrtud*  C  f      + 
(*AT»l    8   M,  ffbldvftilfclti  J    11      (f  &+HUUJ    li   J4-  W*  liu  iK 
jilteo  of  tfcc  wowdtoff  nodi  of  thr  orbil  of  VCTU 

011    [lm  (imi  of  (lit  ulipiu  i  MM  nun  H  IIIMV  I  r  iln    J   tn  I      1  ml  at  jint 
lime  (/)  (lu.  din  romc  (/)  ol  I  n>  hi       I  \   mi     n  I  il      1  1  (         Vn 

OJO)    ImdnU   llu    ppir  nt  ^      nun    I      i\   n  t     .  {  M    (   \    ,      /        ^ 
mm  in  lunpmidi    mi  1  Hi  i     n  i  h          /    il       n  n  u   u     n  il  i  i,m 

/nndlliu  uivuntUow   \\ltKltiuitvah   Lolindl   li      r    iLi«ulrriu/ 
Bcooidingw  llLoobwnmuaiivaurwl   M  n  n  ilk  i  lli  MMUH  n  n      In  UH 
utntil  tn   1701    ti  OA    n     4t»  •|i]uruu  dm    AI  Ian     \|     |    J4   [  ^  Dl 
iound  rf«      J+  4  and  m       \      t  4     li  n        \    7     4.         u  *     iimr 
U   I    tthitliHulnnutidiromtA  ji    HI   bu*u      lUutiim   il        mmMtn 
ww|Ml  gi\cm*/t  f/  t    (at  (ho  turn  nf  icujuii  u  u  Ir  m  il       b   IVHIII 
Wt  mny  nl»  ihtu  Hnd  Uu  UuUil   HCMIJUIKU  n      lu  1      rv  i    n  n  o( 
Voniw  in  IntiLn  IP  w»  \f  M  lutu     U)     HI  i     4    4    JM  M  n   n  n  m  Uli 
iJWI    wliuh   ulitri  u  llrtm  ID    I  flihrltmtl          r%    I    if  t!     n 
«i  D   -»«     (or  tin  liULudi  nl  Uu  lime  of  uHtUuiiu  t 


On  tb*  \atmtji  aVrtattww  nU  WK/  in  ih  I  en  n  /  / 

u  if, 


pro|»iri>hud 


s  mi-  m  \NAin  ot    uHum  AND  um»  tffin  mi  BUNB  unc 

i  t    ml  lioull  kirn   fiom  Hicoinputilinw  Uio  point  ol  (ho  mm  a  hmbwhoie 
\      i  i  cxjurulu  enter     Upon  tlmlpiii  ot  llu  limb  IIP  Hhonld  I  ctp  hw  c)  e 
I     1 1\  fm  I    md  at  thi  intlnnL  ho  muputi  (he  contact  In  lake  place  ho  mint 
ii  i    ih   i    it    nnrf  proceed  lc  olnoru    in  oulct  U  hi  ccilain  Uial  ho  wen  ruty 
uili     U  lie  fin  I  Ihnt  lit  uni  mistaken    he  muni  lonlmnc  lowoiLioi  Jt» 
nlv   \    nunglh    lime  «  IUM  hi  ftnnpul    U   in  ncki  llml  lit  may  not  mm  U 
\\\  u  it  milt    I  <     lit]  i  cu       ^tllu  ImMiiffdHuul  llu  mmu  hue  \viutlu 
il    ml  niil«iilui  snlii  \    ilitini      l)i  Ih   MIIIU  I  i  UK  nUinul  mid  IK 
Urnilc  HI    i      1   n  \   mi  pi          W  ill     1  *      1»  *^  liniwitmnci    Uu 
Ho    M    Ihi  i    I    H  S    I  MiiUnn    I    i\ilnkmd  )l  pinuiubii    01  clunky 
liml    \  h   h  )        1   I  il     In  (  i  \L  mi  1  c  nilacl  two  or  lhao  K^ondu  ol  lime 
vnluitm  t   ncrkill    liiBllu  \stwthticb>  M  uitd  Uwt  Ui»  contact  wiu  noai 
wlmh^^JlpntncHl»c^ortl^nffl)     lutlu  linn  ILIA  170D  Or  MvuKWYW^oivuy 
nil  nn\(  to  ob  trvd  if  ihn  cirruiimumc  look  place    but  lie  could  pcuoivo  no 
M  b  ill  il     M  Inn  \inn  unift  bilk  nmrt  thin  hall  immoigc  1  into  the  nun  u 
tin   Ii   ««*  U    wit  ill  iiminil  KIK    c  mipklid    by  IIICHIIH  ol  H  u\l  1  I  ill  imi 
r  *  II  rfilm  d  b  rltr    I  li^l  t  ^  huh  illiinmiautl  Llml  pail  oi  lUtnannlcuncc 
Hi  uh  \  t     H  ihi     in    1  nt  lln  ibnpp  ucd  nlxuil  J  oi  8  btloioUio  inlunal 
ccmici     In  tin   irmi  il  in  I7f  i    Mi   Hmii  ImUaiimiR  ol  Uic  nppioach  o( 
\inii   I    Id   fxunnl     i  incl  I  >  llu    iiM  n  nppumiici  il  u  u  I  iilc  IUHCR 
non  clnlliiun      r  njniniu  n  1 1  UK  ii||cr  c  Ipi  d  Uu    un    h\i  01  MIX  nmuiUH 
Mtn  ihi   hmh  ol  Vtmw  broke  in  upon  the  mm      HIM  ho  Unnki  nnglu  bi 
muu,  nth   ilniftptart  iMimw     lUdldnot  hpwwi  olaomnriy  kirnlol 
triinmbri  «mtlu  cUinlmnU     Nome  ibttrvcw  perwl\od,iiiai»flf*tutor 
mlc  imi  i  uknl  c*f  WBI  ry  pointed  iJiadow  ippiaring  toglvoBfcunulou* 
inMionl»ihJi|*rtiri  UH    mm  limb     Motoi  Uio  obwncn  book  notltoela 
ir  miilciiimiUin   I  llu  Kun«hml    vliuli  tin  Intel  Uic  Una  Him  oi  ibo  urn 
iKiim    Him  I  *m*l  unncl      Some  A  licnoimn   nl  Llu  Inl  Linn  u  ob 
trv<  I  •  linnmrii    ir   cent  »U  ih    tiinci  oi  iho  mgicw  Bill  cgit  n    »lmh 
tnbrfilrn  I  lint  p«rl  ul  \iinn «  cntimikiuuo  which  \ia  offUiuiun  10  UiRt 
tin  ttlmli  ortufnlcrtmi  »M  M  ibk      At  Uio  inteuml  contact   Uic  limb  oi 
\tirn      tmcl    in  m   [  «f  ihi  olmnn*   lo  bo  united  lo  Uio  MIIIM  limb  by  a 
l.laikir  nUram*  trli|piiunl    M  Ii  wMiiotbiokcn  by  Uw  duudci  light 
HI    me  unit  iJUpilu  rt^ulflitirtnmruuiootrf  Vtnutittuicd  to  ha\c  c 
m  id<  I  virii  Uu    im<     iWi  i  olmrvid  Umt  llu  Uiroad  of  light  bclucni  tlu 
hmb  ilidnmbiwfchittiHiiKrtilv  UK  polnuof  the  Uifcnd-dmunff  mi  lull 
itli  r   mil  rwruiiK  ^^    in  *  1uivWIJI|ff  mnniltr   «^«nl  LinnnliefHi  Uiev 
h  ,,|K  Mlhth  I     l«**pi  lha  \**  **)  ^  gel  ibe  Unit  of  Uic  inuinil  centocl 
,  i    inUhylbKK  (rotn  th«i|*rt  oi  Uu  nruimlLunii    I  Vcmii  tthith  h 
u  t  htfwb  *Ln*wi  thfr  nvtri»r  unumfcmuc  of  \UUIH  wmldjuU  twnh  Uic 
n    bmb     thm  nif|H«Slhiitl)i  Hut»v  *«•  imukui   in  «iip«u« 


v  nit  niAViir    fl»    rruitni   \  /   VIM    OUR  ni    M        n 

ttnui  i  i  idl  I      I         I  i     ic    i  I  uj  in      ui  I  KU  r 
nut    h)   lilt  in     I     i\          n  I  r    h      |  |     iU     un 

(lilljtdm  i    il  m  \        \|t  [   |      ||     m  n     i   ui  ||     a  m  i,  „   ^ 

Jmt    i    mi  il  ilui  t  lih       nl  nil      I  U     1  u  n  i   i    n    I  Ui    |MidliYof 
t'i     UN  i   I     I  |H  i  Ii  I  u)>  n  (   \ti\tuli  LI  rj,  t 
ii      VIJ  i  id    hit   iiUuiit  oiKui   ili   n  M    b       u    i    M    i     1  urininr 

(111  U  Hl<ilH])|l|CU   ll    jl  lilt  IT  t    IllU        1  |||    |    I       I    lllll  *  lit  tt      I        11     I       UUJ 

(o  llit  Uk  topi  by  HUB  utuig  Liu  h  ri/i  n(  d  clu  m  t  r  ul  ill     un  tin  OiuntUr 
t\um   uiiltlttDctr   Ldi^dutooi  Uu  ixunui  limb  I  \  n  i  f  mi  (li    HIT 
i  ftp  inlcJ  the  win  •  Itmb  |  anLUiui  dt  ru  b>  bnn^iii^  Uiv*  I  tub    M  uu  up 
lull    win    liinbin  lillmnt  pirtMhll  v  u  find  ifuljtu  lm\tgttUi    iituta 
lilut   M  l»  Mi    I)  ii  mi      li\  I   Uhj  (t  gh    umformur  in    I  u<  bv 
Ui  in  r  nl»  ni  UK  mi  KII  t  r  in  u  tm  plm     int|  ^  |,  „    |Unag  ilu  ntcii 
\  uu  uni  i  tl  MrilUl  i  tuiuiK  MM    linnet    i|   M  I  ul  ih    Iml      r    ,» 
Ijcoiitiaui  UihriiiH|itrful  inunul  tent  ci   Un  i    ihr  p     u  n  i    rt<    m 
LjialiaLdivlaiucuUlitirhinb^  Uaii  ubir^l  Uu  xtmilwm  Ur   I  \  i      r   m 
UK  radiui  at  the  ion  iml  you  hivt  Uu  Oniwiu  erf  Uiir  unuri  Ji  Ui  i  i  ui 
Udw  imbu  w  mnrtnUubin/tiQ  Uutiu  vwuul  cLuwlfr  wkbitumil  L> 
nil  icuon    ihtn    from  Uto  (inuoii  uf  Vmw  compute  (*)7)  hw  nuicl  Uut 


tram  it    Jta  OIM  wnuitoti  wlu«  0»c  mt  UU  can  U  ttmmd 
tinuctoalwrvt  UIL  IJMHIIK  of  \uiu  Ii  mi  Uu  n  m  i]»  m  ^  Uu  nan  « 
bll  UmL  ili  lame  in  i  u-n    ^  lu.iMi     n  i  ^  „  u,  „  ,   ,  ,1    „        l  «,  ,  ^  h  ^ 
Uiurcintin   H)IIUCMII  I  ib    v    U    ,  ,  I  II    U    I  M  I  (   ,     i  n  I    U*iw 
nn      (cuud     Jin<    <(  I    innlinMiiiM        i  U        Hi     J  \   i  n  «|  Uw 
'  note  iht  unit  whtu  i«Ui  tl    r\An  MI  wu        U      nil  VMI  luu  ihc 


mm  ncr  \  mu  m  n  «in*iu.t 
Iknu  >  w  knrwCt  C  i  Irtmmhul  «  mnuiv  ih« 
UiLrtfortiuUi  n^hmrjlt  I  itum*]  ty«  i  n  kn  «  ( 
MV,lt  Lvft  to  Imd  (A  ibt  luitlium<  r  juir  I  II  *  ul  «l 
oJ  UuikmdUraaiU  llummtf  Uu  r  iluvillf  nc  il»  Ui<b  i 
KtuitUl)  If  tin  ult  opt  bi  nuunu  L  in  a  p  lir  nu  it  *  ill  b*  murt 
cHmvcnuni 

60y   Sunill)   Ui   cliitanuafYcnumimlbi.   nn    c  ultr  njt  U  uunlby 
ft«tffauprQnumiJi|Loai>4Lli     jvu  uruim  tfn  bn   M.       in-hiw 

Qi  hv  Mi  DOUQMU     Ini  I  d  (dj    i  .  U*i  nm  nv 
'^*«*'V  Clwp  w     |4|  /  b 
Voniwt  ifawi^i^tftirrl      / 
ud  Cu  jnndlU  *  O       Ik*  WmK  dttmuoad  ilw  ,Urt  r  u  ,  »* 


in*  ^  «^  IHW,  w^  otuntuottd  ib«  ,brt  r  a  „  WJP  ^  du|, 
/Mftt  wdUifriun.  t«wr>  u4  the  drtLnm  Wf  c4  Lh.u  mrbr 
multiply  D?  bji  tbt  IO-IM  of  /^  U«  <a  -  d  i UIM  n  anlTI) 

i 


TIMH4TM  01    MfOTDRT  ASD  VPNUS  OVr  U  III*  BUN  B  DHG 

v  tn  i  f  (  r  kn  *  m  th  rribio  tti  iC  in  the  n^ht  angltd  tuanglt  wtC 
\  u  \  ir  TEf  lit  di  uuue  at  Vcnui  from  ihc  MIIIIH  untu  boing  twice. 
lik  u  an  I  the  Him  huwctn  you  git  Uic  Itniidi  hinu  <  A  an  Ixtoie  Having 
1  i  mum  I  th  drflrtmc  oi  Uu>  rigl  t  nsciniion  mrl  tlcclnmUoni  oi  the  sun 
nl  \  in  u  anytime  3011  innv  fin  I  thi  tlifhumc  of  thui  longiUidu  b) 
All  "Wf 

0)7    flic  parallax  1  1  tin  urn   hum  Lit  trim  it  <\  VUIHH  being  dtUiimuad 
from  Ihedifhmui  of  the  tunw    I  Ui   IrniHiU  nt  I  wo  plan  a  the  condition 
will  IK  m»  t  ururati  ^Ixn  llml  dill  nnti  iilht  ^unli  t  pomihU      Hit  placc-R 
thcnl  r   1  1  IK  rlu  «n  Tor  th   I  \o  rh  tivnlionn  nlionl  I  1  1  upon  opposite  mon 
dian*,   nd  mil  th  it  tl  i  mid  lie  rl  the  trunnl  ma/  bt  when  Lh*  ma  IB  upon  iht 
men  liaii    fur  u  i  Ur  th  m,  circumrtancwr  the  JHRIMB  at  one  place  will  bo  ao- 
Hcnud  nn  i  the  qpWM  roUnl«d    increAtlng  tlivoby  thttim*  of  the  trmmt 
mid  the  ingM  Ht  rtifl  other  plum  vrfll  bo  retarded  and  the  ogim  aocoloratc^ 
bv  ^Inch  (he  Umoof  the  tranill  will  ho  diininhihedj  tho  difluonco  Uiuoloio 
cl  il     limp    o(  tlio  Iran  Hi  nl  lha  twr  plnccH  will  limn  htcumo  tho  Riuit 
rtt     A<  thp  Utntil  mu  I  h   nlwtvnl  under  opposite  inuidium  it  miut  happoii 
in  Hit  Uv  M  rmr  c  (  thp  [  lan>«  and  at  nl^hl  nt  tho  other)  the  plaoo  tlioioioia 
wh  n  u  ImppiiK  m  tin  ni^hl  mutt  hi  ^n  ncni  to  Ilia  north  01  wutli  poll   aa 
rarluig  >i  lh<    Udmili  n    1  Lhi  win  mniilh  oi  wulh  llml  the.  niffitiM  may 
bt    »U»tn    thcfir    Uu    imwt    mi  I  Uic  IRK  H  tin  mxl  nuniung  nlkuliHm 
U  n  t  OR  iraiutu  etl  Voiiui  which  happen  in  June  aio  more  coiweniuil  Uion 
which  luppen  in  Itaunbor   htoauao  there  iy  fft«t  choice  of  ailuaUoDR 
d^  Uu  norUi  pole    »hlth  u  not  (Jie  caw  toward*  Uio  wutJi     DC  U&rrDX 
•  miiuk    I  y  toiling  on  Uit  aui  ot  (ho  pliool  »  oiblt  on  Uie  «mo  tide 
ol  tlu  cvliplic  that  iht  axw  of  thi  i  (junior  WM  nluaLod  mBtoad  of  tho  cotittaiy 
«U     Hy  u  ing  thirofon  Uu  diHtrcnco  of  tluao  two  angles  inilcod  ol  Uuu 
•urn    ht  mwl*  Uu  dintrtiica  oi  tht  iinun  of  tho  Uflnnlin  17C1  awnalUw 
Caugr  end  1   rl  Ntluin  (two  pluurcwnmundul  by  linn  loi  obaoivmg  Una 
tnn«i)  lonjrtrbv  JU  Uwn  u  ought   on  computed  by  Di  HORMBDYI  wo  Uit 
I  hit  //wn  I  c  j 


(.wrtnet  On  /WIN  and 


a  18  1  Itvaia  Uic  uonlt  or  wulh  pole  of  Uie  ttrrcatunl  globe  above  ihe^otinn 
(qu*l  to  UK  wn*du  barton  al  tht  turn,  oi  the  transit  accoidmg  as  Uio  dtch 
imtion  uDorUi  oraoulh  Ilnng  Gitenwich  foi  initancc  to  Uio  moiidian  and 
au  tht  ind^lo  Urtln  Now  (or  the  ingrou  turn  Uie  globe  and  sot  It  to  the 
hour  the  i%rew»  hipptiu  and  tho  globe  will  be.  m  a  proper  poslUon  fti  Uiat 
Unit  thi,  AUI  bang  \ornuJ  to  tliat  hcnnnphoie  of  the  eaiUi  abovft  tlie  hori/on 
I  thr  glob<  Hie  btfliniuDg  of  Uio  intnBit  tf  Ihorotoio  vwble  to  that  hcm» 


IN  nil    riusHin  (i    IHIH  M\  AM   \tstt  tnm  mi     us  t  tin 

Lollt      |h       1 1  1  i  ilu    ctii     i  in  i  1     I  id    li  n/  11    tin    in 
ih  n  11  m      n  1  (In    1  i    i    <n  h  1 1  u    iU  inn  it  1  IR  \  n  m  i  t      1 
ill    (  phi     mi  I     tl         t         i  i  n  1     I  ill    li    i/  u  tit    inn  lit  i    mug 
mil  ih  itl  i    ilu  i     i  n  iln    I  j.  u    U   mi     I      I    ih      \\\      luii}  niiUi 

(I       HI    II  ll   U     ill     111    I         I     (.     1       II       lU          I  I    k 

s  i  il    m I  \  I  \  in  i  it*  Hi   hi  I     t    ih   tun     I  ili    m  I  lit    t  ih    u  11  ,i 
in  1  pi  1 1   I  n  li  I  i        1  li  it  in  th        / 1  n  i  nut      I     I  Liu  li  i  /  n  \  in  v\  ||| 
tea  nil  Uiu  t  |  lu     ^li  r     ll      mi  I II     i    AL    mi         i  KM  I  uu  I  i  ilu  r  i/  r  i 
HUIW  ire  It  >l  llu.  h  it/ M  llio    \litr   Ui   mill    H  at  tin  (t      Vnl  Uic  |  him 
undu  UK, men Imnw   tlio  t  nlun  Uu  u  uioti  alllu  uullk  at  itttlv   utl    I 

luin  ih   ^Iclx,    and  it  the  in  Ux  t »  UK  Unit  c  I  the  tgrcM  ut  1  Ui    t>t 
\\ill  lu  M  il  li  lu  nil  tin  i  uiitri  Hnbivtili    lioti/cu      Ilu  pUtti  IMHK  uml  i 
th    mcmliHii  aru  ih  nt  uluit  Ui    Iran  il  uid    at  iw  Ivt  <    I »  k      t  n  1  r  Ui 
au/n  i  utmiurcli    il  UK  Inn/  n   IK  the  iloi     ului    ilu    i  1 1     i   uu  u  t 
And  under  UID  ant  n  MtmurUo  u(  Uu  lian/un    li   Uit  |  li      \  li  K  il «  nt  I 
untiuniil 

llio  umd  irhra  any  of  Uicne  apptmntn  boppta  At  ui>  ailiir  ]  Uu  t  ni  >  I 
found  liy  Inking  Lho  dulcnncc  bUwtui  Uu  mtndwtw  ud  toa\ofiin|[  u  wiu 
tiraa  tuid  nppl>ing  Una  diflmatu  to  thr  Uuu.  04.  Chunvtkli 


(  HU»   XXVI 

ON  TIM       Mini    \\HMOIinVni   (OWUi 

\n    i*  >   C  OMI  T*i  n      il  Mi  I       u \ol\ing  m  vii)  iKconliu  dbniti 
At  out  the  mm  n  on   ottl    1  d   i    it     tin  I        ul]c  I  Ln  (ha  wimt  laws  ui 
Uit  (laid     I   I  htl  i    i   n  nu      '    "v  (1   m    Jiniil  )  app  mil  UR  inn 
a  l  Ul    1 1   h     i     11     I  ih    i  I  xii    »    \\  |  m   \  hi  h  1 1  i  RHU  ull  llit  c  miol 

M     i   ii   |     I   I  i  Illicit  it  lei   t(    I,,  in   and  Muiuhoij  olkon  haio 

a  1  jtf  (     t     p  uif  ihi  initlcn*  or  b  id)  >t  ihc  tomol  without  any  toil    Iho 
n   i  «u    n  plu I    iplun  uupcw  1  comtti  to  be  like  planet*  performing  than 
nt  I  n  i    ni  taultinu*     AHurnm    in  Ini  flul  book  of  A/fffcor*  ipenkiii 
(t  t    t   t    ti>         Uul  •  ait  of  tut  11  ilium   cnlUd  l)ilm^ouan§  RO/   thai  a 
f       /        n      I  ll<    /  /  n  to   \  ul  llmt  tli  )  tl    it  >L  r\|ij  L  u  unit  is  adci  a  tou^ 
tm   nnUr        itluti    i   II  tun    nhi  h  Iit|pciin  al  (  I »  M  nmtj      SiNicv 
al    HI  S  /  <jirM  I    MI    »\        \i  1 1  KMIJH  ttflliincd  Umllha  Comctt woie 
i\  i\     Cl   I1    M     i  cl   n   I  nimntf  tin   /A/A  /t   on  I  hail  ihou  pcuodi  Iiko 
ilieni       S>   ^  \  I  1 1    11    1      IILMII    tin  1 1  u  I  llu  phut  imua  )(  t\so  10 
iimiktbl    t  md     I  I   v   Ilium  Db   ulnu  tl  iijuil  ilmalitn  *iili  Uiouoild 
iliotj  I  lu  VM  iHinnmtaf  llmlflw  UmLgovcrnul  Uicinj  and  (oiolold  tlialadci 
•pi  i  m  ill  I  unf  till  ill  Uit  w  myntrnoN     Tic  etc  omrafudod  il  to  AiUonomttn  ttf 
ko  p  •  tti  iliytic  1 1  ilic  comtu  in  oidoi  u>  bi  nblo  la  daorminA  wbetbor  thoy 
nmrrnUit  ruiuprnKl;    Now ulirtimling Uni  raort Aitronotnoa flora  1m 
umt  nil  UMI  i  Dn^ui   cou  ideal  ih  m  ouly  M  moloou  oxnungm  oin  at 
inTVplitrr    Ihit  lli*l  VnUon  mir  flndin^  liom  bis  mnobKt\nUonioiiftconioi| 
ibrU  u  1*1  no  diunud  paraJUx  [lace  I  llitm  nb  u  the  moon     AAuwtndi 
Kiur*  b  1  on  opf  irlunilv  ol  ob«trving  two  coined  oncol  which  ugsvcuy 
niMrk«blr    autl  (rim  bit  olwu  \oUuiw  u  bit  It  afl>idod  mflloioiiL  indicaliom 
f  an  annual  pirallai   lie  inn  ludul      thai  coincts  niovxd  ijotly  Lbroiigb  Llia 
iiH  ^illi  a  moUon  not  mutb  diffoionl  fiom  a  taculmofli  0004  but  o( 
kin  I  bt  (uul  I  u  n  pri"  (I)  ilitormint      Ilavrnui  embiatod  the  nino 
iht  n ufa r<Udm«ar mourn   bui finding liu  calculatioiu  dJ4  nolpoiibctly 
wiih  In  pb  vtvaUoin  lu  t  tntlutUd      tliat  tha  path  pf  a  comot  was  bunl 
in  a  mrv    bru   w  nuv(  utward*  tb<  nut       lie  nippottd  a  comot  to  btgone 
taUd  in  Uu  ttfincHpbcro  of  4  plantl  and  to  bo  dwohaigod  fiom  it  pnrdyby 
tbc  rtH  iiwfl  j(  UP  |J*nK«  Atfd  then  to  n  \  olvc  about  Uio  sun  m  a  paubola.  by 
th(  {  r  r  *rf  pufwsrion.  and  it*  tendency  to  (Jio  lun  in  Uio  wmo  rawna  u  a- 
pif  HtliU  vpob  *»  Oftd «  wriJtL  tJcicnbei  a  parabola    At  length  oanu  tHie 
Uowmi  (tiwH  tn  IMO  wJitdi  dc40«ad)ng  ucarly  m  a  jjglu  bno  Uwftuli  (ho  iuJ» 

v  n   i  i  i 
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oioac  flgnm  fiom  il  HI  I  ki  Minuter  \l    ti  1  1  \  d  il  mil  in  in  a  curu  alicni 
the  nun     C    S   DOM  in       Mil       I  1  1  \  it    i  I  |  j   i  Si     i  >    in   I      I  rr 
\  li  n   np(  n  tin    i  in  I    mi  I  /  m  1  ll   i  i   1  1  u    i  m  fcl  I  I     \  r\       It  i  |  K 
in   1  1  \  i  1  i    I   Ii    Itmi  ^  tl      ii        i  I    ii       II    \  r    IK*   r    i  Ii  \    v  i 
r  I   II  III   I  m    I  \  \  1  1  Ii  Ih  in  t    1  1  1   i  I    Is  1  1  L  |    j  I   1  1  1      ^  I  u  1   un  \ 
ire  1  ecu  id    tl  \\  in  1  1   |   r  I   I     i  nkii  g  ll  (  p    ilul     i  1   Un  i  J      1  1*  l\i 
bine  i  0i  itu  than  il  \t         Hi   an  pill  I    1  In    u  ir  I   f  r    tl     /  impii 
in  which  u<ik  Sir  I  Nmi  *  Imvii     fr  u  I  ll  n(  Kriin     IB*    U  »l    h  HIP 
mminnid  lh*  plmin  arc  n  pihr  I  wi    n  nut    ar\  unxqu  nit  ut  1  1   tli  ury 
ofpaMtv  Itmirtudial  IvMI  we  I  ill  i  (i  in  L  *trt  gn  m  Ilivilu  iim 
tilth     1  PMfim    ii)  tn  thtiri  n^(     1       n  cnntcls  wiili  hii  Uuorv 
It      n     I  ul  L    I  it  tmrh      ilntilt    c  nr    I     H      llrf  tt     nolmt 
I(U  orhvp  rlrlft    l)i   II  rm  (  tt  It     ^  /  '    /  "     '  '   "     v  /  (   Mr/ 
acUnncu  i  hi  I  Ikwnij  i  a  in 

tlrthirtollmvottii  iltr  ii  UK  ubil  of  <  m  I  v  t\  (K)aril  h  iqnu 
whidiwippoi  liicm  it  would  folliw  dmlcomH  Uinfnn|»IMi  \ni  thi  un 
hvnccmnpciftl  Ion*  woult  defend  tti  from  *fwo^  niflniuK  di  tmij  ml  by 
tliLii  HO  JhJInif?  ncqunt  «ith  a  \t\oni\  A*  Uut  they  riwy  tffun  dy  ofTniitt  tht 
runoi«t  ptrti  of*  Hi*  uniwnw  movtu^  upwtftU  wtl*  A  |**|>rUftl  umlenty 
wnttfrtontanngtmiotit*imi  tatmurihcr  ft|tpurft«tuvtttl}  cnu 
nd  traw  Hem*  of  Hum  can  Uo  fttund  Ut  mtnc  *ilh  «n  livjitrbilif  motfttttt  or 
modem  i\vi(\ir  Ihart  wlmf  a  ccmrt  miffhl  nrquirr  I  \  11  privity  1  1  ill*  •un  it 
highly  pralifthli  llit  v  rutlttP  inn  t  in  \  \\  (.  \ccmm  II)  IK  bu  unit 
tliwr  rctunn  athi  I  nff  |  nil  dtim  (trmilti  mtmli  r  x  III  tl  L  nmrutot 
and  |Krlmpf(  nt  t  *  »  \  ?n  ^nii  Ur  1  1<  HIP  put  »  U  n  ilu  un«ml(hi> 
nxod  Burn  n  m  immtn  c  dial  thm  I*  iwm  tnmijjt  ft  r  A  t  m  i  1  1  r*%ptvr 
IftoptnodofiWrtuhiUjn  be  VH^Ivlcnff  Now  Ut  hhti  i  ftmctfin 
U  lo  the  &f/tf>  rrr/WM  of  a  numboU  whrth  b»  rht  *mt  I  *uncr  in  iu 
M  tlic  dnlaftra  In  tht  anhelicm  mlhrdhpiw  I  loth  uhtU  tw 
AndllK^dcKiUHtrrinii  mhdnplic  Uo  nal  »  (tht  ACM  wbm 
fbrt  In  vtrj*  eta  nine  orhit*  the  nliotAmr  >  n  IKAP  tn  *  rtfi  c»i«(ual<ivi 
Ind  th«>crvnmnll  dlffl  rent  cu  huh  Jwjpen*  cm  utoom  M  ill?  gnuhr  vtlocirj 
tn  the  puih  In  m  wwilv  compiiwwH  m  dttcrmlnitttf  ^  "^^  m  f  ^  o^1 
£^3  principal  IMI  thc^nfcr  r(  iho  Itbli  df  tirp  dtmtmt  ti  th  irnKinmt,  and 
indtul  nidiievd  nu  to  cmwlrtwe  it  n  tbm  whc  iipwr  A  n*w  oomet 
WLmnybt  ttWt  Ct  know  \t\  cwtptnttj  t-gidw 


t«min*1t(  p4rtdd  tfld  «H  udt  of  irt  orint  and  to  ttfrml  tt  morn     And 
mdefd  Aan  m  mwy  *migt%hitK  mtkt  rm  bihrvr  dwfcthi  c  mrt  vtntti 


ntot  iwuhttalf  dMrfbcfd  m  ihc  ytw 

+ 


ON  mi  VOTIOH  op  com  11  4  T 

til  linte  4CH  return   and  otanol  m  Hie  >enr  IfaSJ     All  tlio  oltmonu  ngroc 
nn  1  n  il  in     urn   t    cc  n indict  tbu  1 1)  opinion   biv  I  i  the  inequality  ol  llic 
\   n   In  r     I  luoiw    uluoh  incqiiilitv  IK  not  BO  tfipnl  mitlur  n  tlmlUnmy 
11  i  lit    «m«  io  phyual  c  umi     1   r  the  nioli  m  ol  Siluin  is  s)  diatuibod  by 
tli    n  tot  llic  plinrt     c  pen  11}  lupilu    ilul  tin  |Kindio  tinu  of  thai  plnncl 
>    UK  rtftm  (of  i»nu  wluk  d      1  chilli  i      II  m  inn  I    mi    tlicidiK  will  a 
c  mil  b     ill  i*  II     mil  II     urn    vtlu  h  n    t  tint)  L I  \\\  tinui  It  ^hu  Umu 
Slum   anl  tlio  i  \tl  til     llicnxl    lui  icdbut  \.\  i\  1  111     w  mid  hi   ufli 
cunt  ill        i    oiliil    Ir  11   tin    Hi]  lit  \\  l      ]ai  1   1    \\    m      \ntll  tin 
ih     t  ll  n  I  u  i       |  n    not  l   li  mjr  Liu  HUM     1 01   m  lit  M  u  ib  ( 

in  tin     i  M  i     l  r  n  t\  i   i  cii  i     ing  itLiuf  nulc.  bfltwetn  Lho  oailli 

Mild  il  i  11  ah  ill  r  it  a  umit  niBimei  \vlii  b  tliougb  iiobodv  mado  olwu 
van  in  up  n  it  \tt  (rain  iu  period  nn  I  llic  munnot  ol  iLfl  uamiL  1  cannot 
lh  iik  tliHittnt  (r  in  itio  (  1  htt\t  JIML  n  j\>  nuntioncd  \,nd  biiui  looking  o\ci 
ill  liitirm  ol  t  m  I  I  (in  I  nlnn  cqmil  int  ivnldlniu  mcnut  1  j  Imvo 
IK tu  «un  nl  Kit  U  l  r  in  tli  MOT  l  10  \\liuli  iHuiulbti  1  ubli  pen ) I  of 
I  l  fenf  Id  re  (In  I  rn  i  M  net  I  ibiul  Lini)  \uituu  lo  hicUll  Umlit 
«ill  return  MII  in  tli  unr  1  H 

r  K»   l)r   Iluiiv  i  nijuulili    cH  ct  ut  hiptt  Miptu  tliu oontol in  108J 
nnd  Mind  tint  it  i  illin  i  i    it  \  n   I    in    nlo\iu\  m  in  tonic  juance 
if  whuh  bo  pr   litU  I    U  uuirn  nl  Ua  anil  1 1  ill   >  nr  17  H  01  tlio  bcginnmg 
<4  17/tt     Hi  did  not  inilt*  hucommiittUoni  \\itli  Ui*uimort  100*11  fvty  twi, 
Mlu  liitti*ill  (iifcwrm  IfitmJom    M  (untiW  cwntwtod  (ho  tfiU.U  both 
<  I  Siitririt  olid  Iiqtil  r  ind  found  tfmi  ilia  Jbvrftff  would  leteid  lu  r*Wn  m  Ao 
li«  ptrlMl  100  day*  mil  the  iMtrr  411  dtyti  and  he  datoMtjto*d Iho Umo 
*htn  »ht  r  mrt  naiild  m  mo  lo  it*  ptriliolton  to  bo  on  April  1 1   ft40   obe4t\ 
tut  flail    triif.hl(n  ninonlli   from  ncgkiUnff  Kinnll  qiuutttiai  in  tlie  compu 
Ui    M     Iifi  c^Ulic  pullicllonon  Miuch  11  villun  l  J  days  ol  llic  tune  com 
j  ,i   |     \   t  \\      upprtcth    intio  •uudbyOi   HATMY  to  mean  tbo  umo 
(  L  p*   tt    Uu  [anhitt  n   tli  n  tl  wt  a  II  t  >  Utat  inodnyii  niiing  fiom  llu 
i  M  n  of  H«tMin  ftlmli  lu  a>tl  not  Mtunddr  it  will  bmij  it  \ciy  nuu  U)  tlio 
i«im  in  Atyuh  it  did  p*    th«  pmhihonkand  piovohuoompuUOwnof  tfa«o(n)cL 
f  Tiifiii  rt   hrtve  luM\«ivnuuTttt#     If  h»  mnoii  tho  hmawhtriluouldflna 
ijtf  w    W    [*f  i  die  son  *ivur)  nocuraU   ibi  Itwai^bWW  Oil  Dooonibip 
14  I79t  Bm1  fn<«»|wuumol  IhocnViiotJaptWwill^wi  bomoi^Ruu 
r  H   tlMi  couM  IWK  bwn  expect*  1  ooiKidonag  that  ha  mado  bu  calculiitioiia 
only  b>  HII  rtdirtiH  mtlhod  »l  hi  »  rainntt  inofcawdlj  oil  vory  ntouwU, 
T)r  Hmrv  tfurafctft  hod  ihfl  gtttrv»  flnt  to  forotcli  dio  tctiirn  of  a  ceuttt,  *nd 
rin  ctHit  •MhUffil  mtittbblf  lo  hu  frradicUon.    Uo  turlhci  obwrVod  Chat 
iht  delta  40fcpfUr  m  tb*  dwwnt  of  0)6  comet  toviwdi  lu  jwttobin  m 
to  tnw«*w  A*  rtJuukon  ot  In  oibR  »mi  toundmgly 


nir  norms    i 


iiilmilion  in  KH   wi  f  mill    lit       fr  il  i  il  in  n  mi        \  I  ,M   |  f(l 
((i  01  (l)i   I  is    i  \  (i  m  u  \   i     r  ;)    i  li  h  i    n    1    *l  I  jr     1  i   i 

tlni          llimjji  M    I    ti  I  \     i    mil      nt     th  r  J     i   I  tt  it  I       i    luvi 
hUn  IKII  i  HI  I    lull  ill  till  il     11      mil       MhiFM        1     1  t    n    In 
am    It   Jim  tIMiil  Miitlli     ill    I    uli   I    \   niiihclil*      it    lit  I      i|UT 
in  m\  i  i  h  Inm    f  the  Ii  m  m      I  i  I  i  (  liu  Inn    in  il   i   i          n     n  1  th< 
mm  <oiw.l  \vlrn  It  n|ij  ir  1  n  iflH     ici»7    1  MI    11  c      Mid       v      M(j 
Iv    il  lm\nifl  obstr\   I  Uut  (ht  phn  i  luuilir\    nil     u     tit     ncl  i  i    n   i 
iho  »ri  it   I  Uit  tomit  to  In  fcn  ittr  an  I  tin  |  n   I  I  n^  r      J  I  t  II       I  Ji  n 
up-  l<  rtl  Id  tlmi  OK  itlurn  (hm  til  migl  1  1  c  r  iird  d  nil  il      Mil     4   rr 
'Ii   '  fnniii.U  li       I     n  ilu   ih    nuluM  ti  M   M     i      ([  (HKI 

n  17    i  ^r   I  I  KI<  I  u  1  1    i     M  nl        Ml     H  >al   \   1  1  i          t    i    kl  tint 
1  id  Up   I    h  w    I  ilmi  n  |  n  IMi     H  it  M  nl  I  n  t  u  v      i    u   m  u        md 
U   itcommtid  hut   \i  mm   r  U  (  k  t  r  il    tlli|  i  c    i    I    Ih  M   um 
Ufk  M    Iixnt  und  nook    in  1  hi    IIOWH  tint  -n   Hi)       i    «t  ^1  i  u  |  MI 
odu  linio  IK  fllimt  live  vetninU  «\cn  mondw  w^nt  v  tt  «  II     vh  il«  rl 
H  rvauoa      V    Uu  /^  iimii  U7)     Aufht  illi|Mi»4  wlwh  U»  i  m  1  d^ 
mi  In  in  all  ur)  txttnlni     Vulronomtr    forlbt  tiw  a*t*luiUUi  n    ii|pf»f 
tlum  la  move  in  ptnlmlic  orlmii  for  Output  wlmU  IIPI  *ahm  Uinrc  thai 
otwrviUon.ltfwlUchUuycwvtty  |loa 

lU  diiUncfl  from  flit  mini  ihc  iru  hnation  oi  the  pl«nc  »t  il  i  otlwl  I   i»  p  b 
Uc  andtlu  plan  of  the  u  cU      I  tuni   ih  *f«t    I    ih   U  i  n  »  tun 
oihu  of  at  nulfr  in   I    r  an  n  \u  nn  I  j    in       i   h  j  n    il  r 
ing  Uir  moli  n   f  a  I  nly  tn  a  j  aral   li    i   m  M    n         i  M  r  i   h  ui 
ligUiun     Sci  id  ol  tlu  |  m  t|li   wl  tit*    n    I         Ih    If    n^    urol 
bi  prmad  ^luii  ftt  (onu  la  treat  in  Uit  th>  KM!  I  MM   |1      i  \  tniH>m> 


On  /Ac  UD//WI  /*ff  /tafy  ma/ 


ni         (M    Ul   fA*Vbeft|mnibol«  Sluf  CIH  ^  UK  vm  x  /  th   pi  <    «f  tbc 
iro     body    l«w;Q  |>fnHn(Ltul«r  u  ^    me!  /  />  p  rptmlit  ufcr  to  lU  tw^ni 
PI  abo  SVpcqondiculii  to  U)     No*   l>v  Uu  (mpin)  ul  th    f  mhoU 

Ci  cqiml  lo  hull  Nir  IIIIH  r  rium    lieu  c   if^\4l   ibn  WO    J    «1  i  th« 
f  SX-i*  i  yj  f    dart,  ft.  ,|  y/)  u  tu\\t*  i  Q  W||  IH  rk*  linM^t  P* 
huin  to  UK  ndun  rfV  /  Q  will  ht  UK   Uu  UUK  nt  nl 
fwdlbeiht  un^ntoic  >  U  li  the  UUL 
Alia  bytbt  jropwtjol  ibt 


<  t<    ilw  OH 
Wow  let  a  and  6  I*  ft*  taflvm  tiurii  thveomu 
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i         H    I     llitn   ti  lit  art  u  luci  ibc  1  about  S  me  pi  opoiUomd  to  (.hotlines 
/    /  /  \t  \\   r  \  ix  at    \  lai-lb 

i  I-     II  nt     il      ml  UK  liut  Riuindy  bo  given  woJiavo  the  Umo  bst  \at* 
t-      t      M      It  tun*  ff    6  /'  +  Mi  the  tiuc.  aiioinaJj  and  consequently 

/  I    gi\  11  in  difftiuiL  ]  n  ihuhu   ilu  turn*  >l  rl  stiibmg  ULOSL  Uuo  anomalies 
Ir  1  1  ill   u  nh  bom  will  IK  in  pi  \  oili  n  to  Uiu  limn  ul  tkacubiu^,  JO   Jiom  * 
ih    iinhtlunt 
OH   I(  ilu  hint*  a  nn  I  /  I  L  pu  n  UK  hue  anomaly  may  be  Jound  bom 

rt*l  1  1]    tl     i  ih    t|iiiii  \\  t  \    t         \\liuh  ma)   lu  doiio  ihiu     In  Uio 
ntHtm^l  linmgl    (AH  la  IB    l    /f-a  f    and  oomputo  W     Uion  find    no 


t  \  i  mt  m  [roptrUmmN  UiUctn  M  f  /(  and  lit  -AC  ftnd  lliili  di/ILionco 
i   UK  %  lin.  i  it 

(t+    likd  the  IhiMim  if  /'  M/-=—    andwtlmvo/a  1  x  —  -      but/ 

a  BA      l  hi 

H  /  a 

Itj  luiui  *t  g  t  J  -      —     x  t  H"    xA  die  \D4inUonofUio 

iru   an  m  lv      rrt  |K  it  lin^  to  DII>  nmnll  \nimUon  b  of  Umu  ixprand  \\i  deu 
mill  [  i  h\  nlu%  oxpn^d  Inda^i 

M-     1  1  1  s  /  h  tlic  tuiAii  dikliuce  of  ilia  oiuili  from  Die  nin  \  then  tha  area   no 
ofdiLcmh  dt  t  nit  tl*ul»Uiat  indlun,  will  b(  flJU  0  )  ftlio  Oio  trod  ^/S    ieo 

1  Stwihi  v  I  ui)  in  Uic  paivbola  vdout^  in  ihfl  cnclo  y^f  J  and 
the  or  4  ik  tnUd  in  Uir  »mo  linu  vail  be  in  UK  name  lalio  bcCftuic  al^ 
111  11  Lin  much  rliil  I  in  |tti|itudiculor  to  S/  Ua  nicas  dcacnbod  will 
IH  a  the.  ul  ilu  uid  u  btirih  ^  i  in  one  tut  it  muiL  bt  nlwayi  to  bccauio 
in  c*  h  ihttr  |  (H\  1}  quil  nitmi  tut  kiudnd  in  equal  Union  M  will  bo 
[rm*1  Hut  Uie  Umw  of  durnbingany  Lwo  oiou  nrd  M  the 


wtdthc  uwi-idHtnlwdmihQiamataincluvonolyy  thsrofert  .?.  1  "  .  P 
^  ,j  [l]     tl>*t*mcoi  Uit  rtwluuon  in  (Jbocucl«Bi9Wrf  6A  9    iho 


14A  40  Jtf 
t  (pvwi  nUo  to  llu  Um»  in  tht  tuxlfl  which  (AI  will  bu  oAciwoida  shown) 

vim    u  X  S*  tfaitrittn  if  r  ntht  ponbdioa  distanoo  y.  imy  other  pwflbol* 
f*K10flrf  l*A  4fl  SO1    On,  time  of  dttcnbing  W  {n  that  on 


430  rv  TUT  vriios  ni        ir 

inlmlnflmin  tlieprnhtlnn     Urnec    kimnmt   ih<   irt       r     j    n1      I 
(nit  Amtmnh  in  (lint  |  uitlHln  sli       p  t  h  )i  n  I   i  u         I    \     I          d     Ini 
tone  p  mlmb  t    (lit,    mm  tnu  nnnniK  in     i\    ih  r  j      U  I     I  t    <     ttt 
(«N)Umo  ol  (levriuinp  <W  iir    i   ll     ini        r     i   nit     t  »    tni 

niitinah     therefore  if  n  IH   Hit  miml   id   In        u    j  u  I        i     i  r 

aiunmlj  In  that  pmtbola  win*.  ptrili  I  HI  I  in   i      m  u   tl   it  '1 

tin  tuut  /corritpoiidiug  tu  Uiitnni  in  nulv  \  lit  a    li      \     h  ,  u  |g, 

iir     thu  miy  be  nuulil^  found  Uni       ^fl  lnjU  Uu  I         »\  *  nl  l\ii 

fl  and  to  tho  quotient  add  Uiu  )u>   A  ui  I  tlu    um  %ill  U  Ui   I  i  id, 

i  qunut      Iltn  t  il      n     t  \  [h  r  f  i     II    i  illit  I  j.   /     T    il  | 

ilRMiillit  IK  ;i  of  ttu  numb  r   I    I  \    t  n    \   \  In          il      ln      ,   ,  1)> 
m  ihc  imntlold    \  IIIMC  pinlulu  i   h  tn   i     i     In       \\       »,  i    U  nillt 
loimd  from  (lit  fable  »t  UIP  unit  1  Uui  (  h  ji  i   wh   |(     M  i   Ui    i  n 
itHponding  lo  Uio  true  tnomnl)  (  r  JOOcxxJiUvi  u   u  il    pj  t   I        .  (h,i 
jwnbola  whow  p«rihdiim  divUnto  i«  unu>      llih  I  iUn  mu  U        «  i    c  I 
l>v  An  Oil  li>  ukmg  a*  iai  fli  t  utd  M  amiug  /    I  «   t  4.  (  ^     n  I  lm  I 
UIL  unro^jondwjc  valuM  ol  /     I)r  JUwtT  flr  tcaititfUtUU  1  tl  I     ( 


the  t»M  (or  tluUmu,  (Jtu  wiuct  wd  Itavt  btrt  fci\tm  *4icompuuJ  In  M 
di  t  A*imu- 

flM   Dnrn   M   ptrpcnluulm  t    L)K  inn  m    tit  u  s/     sj      ^1      ^/ 

ihoKfiu/W     ^/S/     W     \)     nl       *  /  v>     r'/sfih 

ot  U     S  /    r*3      ro<.  ^iruoanmn  It  n      K  S  /    I    in 
tlitn  l    ^s/      *i  »   I   i»lv    /     i 


a  if  flctiu    V*^  ^^     .*liii    Um,  MMI,  ,  U  ,  ftft  ftmn 


9^mbtnaiwmc  Uu  log  cm  )  tma  unoftm^   ml  the  rvrutmltr  hi 

l(g  ofilic  di  tancanf  UK  camtifrmt  ih(  wn 


no         «     iwt/l/)p<rpniri«uUr  id  «rf*  tflkt*  ^r     ^/?  jrwlut^  it  to/ 
FDZ  ptrtivnduuUrt    /f    mi  Ur^    /^  jMuiui  r*  71/J  in  /  jmn 


nfw  Wr/ctfO*  /»    tiMd  Al    7lD*>nt  «id  f  //    fl/)    ft  /    ^fe  by 

Hinllartriin|lfi  *#&&&+&  A   tn    M/or/r/)«A/    A/^*//    A/J 

rod    Un   D^rj  b*4B    fl/>    ltd     i  it  J?  //)   ft^n^hutr    ahtrulp 

4  jftridwohnvoflS^tff    IT/T    /»f    ntt    taa  nfrt,rt*ftrrtKt     JfAfl 


OH    Ult   M0110H  01    COMMB 

uid  D  1-v/Vf  tbonv/v;     v/V    mil     Ian  /?  /D=%/mj  »cncc 

lo  n  t  ilm  »nglt  U^»  Ml  dn  did  untt  of  Uu  loguillinu  of  SI  and  $/>  ami 
nil  lu  lu  ihumdoK  (bccmu  in  Llu  log  Uuiginti  iht  index  ollog  Un  of  4 
orlufl  iliad  ~1  11  10  in  undolo)  inliL^nu  Uit  log  lnngtnlof  tho  an 
flic  \  from  which  lakt  <k     mul  w  Imv   v/W  i  v/V     ,/M  -*/\t     iiul 
ttn     of  tint  diftt  itncs 

ft)    II   u     il  \t  kiutt  iw    in  In  S/    V  nntl  iho  nnglu  ^  Spbohntn  \\o     no 
citili   I  ih    rt    HI  ml         I   r)  ir  tt  tol   /SM   /  V  imd  A  be  r  oi  A  U 
il    i(    fS/  -  i        ind,    iS/>   a    i     licnce(6«)  ^/Sp    v/Sy 

i       a    i      (liv  pl«no  Png)oot  Axcoa  i-flih  rtxsln  t    OOB 
i    «n   axvQ        Hi  nfbn.      S/  I  /        ^^ft"S     cos  ax 


(mm  M»  f  ^  **r  <*  /A0  Oi*/  o   a  Cam*/  to 


cltmrdU  ofUie  orba  of  ft  comet  aa  1  tho  urns  whoa  tlia  oomot 
bplraD  ^^  rtio  pUrc  oi  tb«  poriholion^-a  Ilit  dJBiwica  ol 
pcnJipfiott  torn  toe  wn  -4  Xh«pUoeof  tho  awondtag  node  -J  UK 
m  lionion  of  Uu  orbit  lo  iho  ecliptic  Horn  Ihoso  domwU  d»  place  ai  any 
limt  nuv  1m  compuudi  «id  for  wwranle  wo  (dull  take  Uiat  given  by  M  dc 
U  CAIILT  jn  bat  \4»Domy  Ihocomttm  1T«  which  wwioUogindc  pawed 
ito  pcrdicUon  M  /«*  17  tt  lOA  tf  W  m«m  tim»i  tfao  plaoo  of  Hit  powho 
him  «tf  in  »  rf  iW  40  1  Ae  panhtbon  diilanco  wu  007J  fl  Uio  moan 
ol  lb»  «Mfo  Aob  t|i*  Am  buug  unity  i  Uio  aacencling  noda  ww-iti  0 
14  r  and  4«JO«lii»Moa  of  tU  orbit  55  *fi  <i  to  oomjmU  (he 


ca          inff4in        c  *   "      51—  l     tot   tf     Un   t     Now  tho  iabo  ol 

Mil       I         IIH    J. 

Uic  IHO  fir  t  urui  14  ftu  1  1  It  nn  I  IK  IniL  AtUcii  and  ni  ihonnglt  PS^Ii  given 
Ihttvtln   rT      will  IK  HU"  llt11"  Wl  lm^  a  nnd  conioquontly  WQ  kfiov  tho 
wm*nl  Hiffiirni    ol   /s/     /S/i  llttwhirc  vre  kn  w  iliu  wigles  thtmiolvea   11 
p  lit  on  llu  utlu  r  1  1   (I    /  Hi  n  \v  i  know  i  \    hnd 

(WO  (nun  t«  i  dirtnnat  S/    ^  Irom  iht  1  CUH  lo  Uio  cuivc  of  apniabola     no 
uid  UK  «nnlo  batvttn  them  to  find  UK  [undida     Wldi  the  embus  ?  and^     Ud 
and  radii  /  *  f»V  dwrttbt  two  drouNtf  iw  rwf  mtw^  to  wiiich  Huw  thff  tan 
gem  At  A/  draw  STperj^tidKular  to  a£  ondlnooth  in  W,  Md  It  Mil  bd  the 
of  the  puaboU  \  hcnco  WL  n»y  duonbe  Uio  ptrtbolfl 


'M  ON  Tm  MOTIOK  01  tour  re 

M  Itt  Jf  U  bt  tit   puftl   h    01  In  I     (  llu  t  n  i     N  ilu  H    en  lin    n   |      j 

1(1  diLplic  (fill  <  tmu  /  tin  corr  ntnlin^!  t  <l  ih  nil  ml  Inn  / 
puptWdin  In  i  fit  l|i  jili  s\s  s/  s/t  '  t  j  ilnl 
nplicrt  tl  tlu  li\  I  i  i  ml  I  nit  tli  r  UnrtU  t  t  r,i»|t 

*  • 

I  flu  mi  rvnlnf  urn   Ir  m  Uu  inili  linn  it  tin  ijuii  tmr  i   in  t  ^    m 

OOmUl  17*    Whrttloff    l     I  7B<    C7     Ml  O  tilt  l^lf     I      1   H  M  !' H   *  I   M        fc 

\\Imlilojr  (from (lu  naturt  of  logviUmi  n«  I    t    HI    *Uidi  nlitr*  t(J  |    K 
L78C  07  Ictva     p«fl»     Uio  luj,    rrf  I  Ityi  M7  lUv    win  h  l>  U     JJI 
mwMcw  to  1  o    01   Jfl  Uu  tnu  anoitaly  /  S^  *t  ihi  ^iwn  nm 

II  SuliiHPi  JO     U    JR  rirniH    U     IH    H)  U»|iUtirl  (I     |ciUUn 
I  u  m  i  ill   t  nil  AUI  i  ii</nil   imlbil|u      lil>   pnhdim  Milul    u 
l      I     Mm  ib   Ji  h  (intrii  jlm    ft   i  the  E  ni  t  HIM     il  i 

III  Hit  I  uulult  MM                U    il  »/         i            il-     i  i     i 
v   lo   H   ll|lunu    rul     i      /MH        v    4     M     tu  /i      i  it 
tin  wisft    u  5)  Uu  diituce  o(  Uu  cwmi  from  ib    »  undMiv  n   I  in  u 
•uwxl  upon  the  tdipuc 

1\    Subtract  tint  \ilucf  ol  m  lioro  UK  uLur  of  tb»njtk 


18    t    Jl      r«  ibo  Uuo  lidioccatnt  pUcya/  tl^  cfwit  i^tttt  to  ih 
uuptic 

V    AABftd      HAp»«t5     tf   II      M 

1*  UiuiUmbKunfioniih   wn  win  In 
M    llio  uu  |iuc  /  iruu    libmii       m    in  i  n     i      i    w  f 

lumi     ysT-  M          flt     ih  nh     /^rir^f      /^i     I        *      IO+J 

M  t  ys   i on 

VH   DyAri  (KI  toi  t     10  4*      mil       <    i  a    s/     j  M 
Mil  A«nd     eo*  y  St     u    jf  »fr     \/     i  j  t      Vt     i  MI  7 
A     ID  Uio  tiuuiflk    /St  weknow  />   At  utd  ihi  imlufli  I  «ng]    ASt 

htnoc  bx  plan*  Tngonomrtfy  wi  find  On  tn^rS/i*/      jf    w^    «HJrh 

NibLnclod  /Vom  4   «t    J+  AC  ,  th(  (In  t   if  Uu  mti    ICHM  J         o        I 

lor  Uit  c  omi  i  H  inn  jnwwft  « torifiiuttt 
X  B)  Art  I7fl  M  nn    «*  10   M    «n  7*    U?  M      un 

«7  M    tan  7^t*    i>     +   MbotomctiLru 


NmoftfrrtmttHftlthis 
«M    ThtforCntofKKMwt 
/    Uoni)  but  aJUioagb  $*$  dm  bt  wfiutnt, 


ov  mi  WQTOV  oi  CGMUI 

is  unprintable  Aaronomtrs  Uiudort  luuo  solved  this  ptoblom  by  mdncot 
mt ihad  fn«t  finding  an  orbit  very  near  to  tlm  tiuth  1  >  mechanical  andjriaphi 
ulajtmli  ni  mil  Uiui  1  v  computation  correcting  it  until  such  a  (Srabola 
\\ju  (mm  I  m  would  ttti«fv  tho  abamaliona  Wo  Hhall  thoiefoio  begin  by 
hawing  Urn  nulhoda  bv  which  tlic  oibit  may  bo  neaily  determined  and  then 
pxplrtirt  Ihtuniinmr  in  winch  u  may  bo  conctttd  by  talcultition 

t   $   M  itala  f  tvm  j»p  its  UK  i  Mowing  muchamtul  nuthod  of  finding 
ilit  ortal  nearlv      Divide  ib    di  imct  ol  the  caith  horn  the  mm  mlo  ton  equal 
nnd  d**    nil   t  n  jar  dolts  \vlum  juilich  u    list  UK  n  aio    1    2    t 
I  U        parl     nil  Im  U   Uu  t  p  ub  Uu  nl    di)H  liom  tlu  puihphon 
w  IIIKM    (h     11  u  n     lab  d\  in  end »      1  il  Vwu  iho  aun    a    b   c    tho 
u  a    i  tht  (  uUt  nf  Uu  limn  ofllifte  oliaprvatioiu  of  the  conial     lli^ti  tftko 
t  s  o  nune  tatiwlw  and  longitudes  of  the  com  a  andaetofl  tho  olonga 
S<s-  in  longitudes     J  lam  n  /  c  PKtotid  Uueaflno  lliundi  am 
to  ^    /?    a  making  anplen  viih  them  unial  to  (ho  gcocciUiu 
I  diu  U    re  petti  tlv      Hi  n  ink   nn\     nc  nl  tlio  paiabolas    an  I  placing  its 
fnu^m  S  jtf|  K  Uu     t^t  t    UK  Until    and  ohmrvt,  \\\\  LJai )  m  cun  uiuko  it 
to«<h  Uiw  i  *  II    in  I  \\lw\\u  i  Uu  inanoU  ol  tuna  cut  oil  by  tlia  Uuoada  upon 
lha  f* if  itala  tit  equal  to  th    unp  ai\(  inuivtdn  of  the.  obnoivation»   01  voiy 
mi  I  tl  ih    ts  tut  u  Hi  11        lid  t  pla      y  u  h  i\c  dun  g  Mien  (lit  tuio 
or  \irv  neuljr  Iht  tin     nc      Hut  il  UK  pai  ibok  do  not  ngrti    tiy 
till  vrnt  ItHtl  otw  wlitch  do(a  dgcoc  or  very  nrnuly  BO  and  )t>u  will  then 
vmy  nt«rfv  tht  teue  parabola,  whose  mdlnatron  pliioa  of  the  node, 
prnheli  mart  to ba del^rittmttd  M  accurately  a^  potvbU  fionimoii|umttonj 
,  UK  prt]wfcion  upon  ihtcdiptic     If  ncmeof  thow  porabalai  should  oofuly 
that  Uie  ptnhchon  dnUnut  mimtbt  gidatot  than  tha  diatanoe 
wf  Uu*  euUi  hom  Uia  win  in  uhith  ca^c*  otlur  patubolivi  nmat  be  coniti uctcd ; 
tml;  lln<  ilttM  ftrtt  \i,i7  pflin  haj  pon      1  his  iw  (hod  \vill  deioifhinc  Uie  ilcinentH 
Uiyu  iriv    but  it  W6uld  k  txti  rutly  Uembloiome  t)  koiiaUuct a»<l  clnido 
*p  matn  p&MUtilM  U  %t  Piil>  wanted  to  t  )mputo  iht,  UemrnU  ot  0110  comet 
for  UUM  wlm  purpo%  ta  make  nmny  Amputations  ol  tins  kind  it  mi^htbc 
*orlli  wftrltf  tet  ti«\t  am  (I  pamb  lim  Uiuw  divided      To  a\oid  this  tioubl 
UK  n  tort   w**  prafm    m  do  it  in  UK  following  manner  by  moans  of  one  pain 

riff  il 

ft  fr    1  tit  a  tiriu  I  wnl  j»  rf  til)  yluiu   mid  (K  oapapfi  fbi  tlu  pjqiuiicu 
,  ttfc,r  <u  b^cut  imr  |!tr  ufgt  niut  fl\a  ptrpwldKiiIaiabeniOMublt  mil  so 
i,  fiiewt  tti  #n>  lU^uinas    Te(  *i  itprcicnt  (lit  sun   tml 
<irtU   A|Miuttf     Ct(nputcfl\c  giotcntuc  lufituks  aid 
tttp  «wul,  Ihwn  wtinh  vou  will  tat  the  five  along  Hums  qt  lha 

Draw  S  t    s/j    $(*  W,  A/ 
aaual  to  the  an  n  moUott  in  the. 
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ol  tlio  dtHorvalicin'    and  on  nny  out  ol  the  cu  It     mnJc    ilu  aagl  i 
^     ^     Srr    Sett   S    equal  (t  ((Tt  re  picuve  ilertf  iiuin  in  (anriiul*   and 
Jt\  ihi  fl\i  puptnditulflr    Mr  that  lit   i  Ig  ul  im.li  i  (  v  ion  ula  with      *  , 
)       I  COM  Lho  point*  a  J       rf  t  tvttnl  thru  I*  to  ih   rt  |tttut  pup  ndi 
culm*  nmkmjr  uifllti    uiih  tlicjluu  tqu  il  1  1  UK  K<*W  nint  latitude*  of  tha 
i  in  I     (Imi  hx  llit  focui  of  Uio  parallel*  in   S   an  I  riplyitt  tdgo  to  Uit 
iluuiHi  and  il  u  tin  be  made  to  lou  b  thtm  all   u  will  U   ilu  ]«ralmU  re- 
quire  1  cormpondlng  to  Uit  mun  di  unto  S*  ol  the  i  arth  Mluth  WP  hwri  *up 
pcne  to  rovolvo  in  a  dicuV  M  it  Mill  be  uOktttiUv  aicur*t«  1*  r  our  purpow 
If  tlia  paraboU  cannot  bt  made  to  totidi  ail  Uiv  ihroadf  cliiup  ih«  pint*  « 
b  <   d  f  n  until    r  tin  utlur  tiiclmi  jou  mayjudgo   Ji«m  \our  prcvni 
uial  mil  li    m    L  lilclv  lc  iiuiuil   nnl  erv  MUHI  mdhvafrw  rqHUftoDj 
)nu  \rill  A  I  '"  'i  i  di  linn  f  r  UK  unli    ilul  (tu  (urabilt  *Ji*ll  Unah  all  tho 
thrmd^  in  wlncli  jn  IL  MI   hiiltli   1  1  liruiiun   obi  r>    il    pi  in  of  that  notl 
and  mnuura  (lit  ptnh  Uou  b  uiict    tumf«rid  null  ihc  wrih  idt>unt«   and 
you  will  gtt  vu>  noariy  the  ol«  mi  nu   (ilu    rial 

0       lh«  nrxt  mctho  I  ol  arprouiiMUnr  U  Hie  orbil  oi  A  r*tn«   vtUtb  wt 
lhall  CYpUin   i  thfltKiVfcn  ly  IM(  \icri      l^ft  S  b*  ib«  MOO,  JU  tb*  tfriht  of 
1  07     tht  earth  wppMed  to  In  o  nrtl  1     /  Uir  plm  Ot  ih*  ettth  at  Ut*  tert  ob«  r 
Vrtron  aAdfftfetb*tfalnC|drtw  /(   4  to  nymwit  tha  qfanrvod  kayife  U»  of 
lblrom«t(  indlei/   /     be  Uu  Idttfpuidt  ^  tr  th*»  drM  «n  o*d  wul  dunl  ob 
wrrotJonM  m  ind  A  die  grtxtiuru  labiudt  t  rf  tit   t  /ml    i  ihr  br  t  and  ihud 
obfcn  Uion  i  and  /   /    (he  tulwah  ol  iirai  b  iw  tit  tlu  rtr  i  ait  I       mil    «* 
tbnd  and  third  obwrvAUoni     Awumo  f  (br  tbe  f*Utr  1  1  tht  r  mwi  at  Uit  Ant 
otHorvabon   ndu  *d  to  th«  cxkpuri  ihrn  H  d<unninc?  li  r  |t  ml  it  the  thud 
obicrvtUon,  «v   ZitftB  K-/   /-«n  /    /    ft    *  and  F  will  I* 
thaptoftq^ftdf  jotoU*  Md  rt  «0l  ffpwwnt  tfett  |*ih  ol  Oi  tow 
othpfr,  upon  tm  «mmpbon    ItepondjtaUr  ttf  Bb*  «h[uc  draw  f  A 
uklogCf    /t   ttn  m    mdioHWulf*    *    Un  n    mdwwi  Jwn  Ai  audit 
will  ixprewnt  lh»  orbit  of  thft  comet  iTtb*  flrtt  awmptoon  br  tmt»     Bucket 
and  draw  *y  pArtlkJ  to  CK  and  y  mil  WK.M  **  j«o  y7     Ul  >Y 

o/tht 


OOtnetatv  'v'  tAinglhwdbropMTH  wmpim  ar4  If  tto 

b«  «vDal  to  &rt  m§awr«d  by  Uit  tctk  thf  aMpih)  point  f  w«  Ouinu  point 
Buttflluwquwh^bonoicqailjawMaiKW 

h 


^ 

iWn  c  roptit*  dM  mp««fabr  AM  A*  •*!»,  Md  tk»  •» 

prat  of  tpi  i 
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the  e*rdf  of  titr  lint  aMmpUon  will  direct  you  which  mfftlm  tha  tint  i* 
nmad  point  *t  raurt  bo  Ukwi  anil  about  how  far  fiom  it    if  fbi  inituioo  lha 
com|  uud  nlue  of  Kit  be  groatcr  tlun  tbo  truo  value  and  iho  Imoa  CJBjpjbA  are 
dnerglnff  from  each  *th«   and  lecodmg  flom  tho  uui  the  point  C  nfaat  bo 
ukt.ii  I  irthtr  from  T»  and  how  much  hntlier  wo  must  conjecture  from  tho  va 
tat  ot  tb*  VK*I  and  «l*o  from  hence  that  tho  velocity  of  Uio  oomai  dunuiiAhui 
•i  it  ttfttdn  from  tho  aim    J  hwo  toimdorationB  will  Uatl  us  to  moko  a  woond 
•^urapuoo  near  to  tho  tmLh     Having  time  dttcnmnod  tlio  Uuo  point*  G» 

\  r>  nearly  piotlucc  c(  /A  to  imot  nl  tf  join  Ntf  and  it  will  be  tlia  bno 
ttl  ill  imd  <  ])rnwC>  r  ptrpinlimlni  to  SA  and  L)IL  anglcfl  Ki&  k» 
will)  i  lire  Ut  imhiml  tu  olUiuoibit  liom  Ll»c  two  disUnoos  Sf  So  and 
th*  Jiigto  littwc  n  tlie  paimbvla  may  bo  (050)  ooniUuaLedy  and  applied  ai  la 
Ui  I*  t  method  fVom  wliJcli  Uw  time  of  pnuuig  tlio  pojihollon  may  M  fbund 

e  0  Aootbtr  nauhod  by  wlooli  wt  may  loadily  gat  die  oibit  veiy  newly  u 
li^     Ixl  S  be  tlie  aun    /   tt     three  plncu  ui  tlio  ui(Ji  at  th«  Umoi  of  tlio    no 
llirc    otorvttioni    extcnl  throe  llinad    /f  ///    w  m  tho  duoctioni  of  the    )6B 
Lonut  M  dincttd  in  Arutlt  b  jt     A  umtapoint  j/  f>i  tlio  place  of  tho 
conn  ai  Uii  tuond  ob«i\ali  tn   and  mtiuuiL  \yt  Uiui  if  S/xl  andtliovc 

locdy  of  Utc  tarih  boi   iht  \clncil>  iftlit  tonicl  nl,y  %ill 
reprcvtttcd  I*y  7/  (M  arid  upon  any  ttrnghl  edge/  fl,  lot  off 

and  rt/   ^  *  ^  v  then  applj  Ac  pouit  «  to  y,  oud»  by  tut  runf  «bout  ^  <%), 

trvtthtihtrioiiAAmf&tlhapwtr/hJllii  Tp  andthepoftrtrf  ln*«y  J/*yw 
fand  tliu  MUH  iMilH  done  Ui*  error  will  dirxct>ou  to  auumo  andtfiof  dlitahooi 
MI]  try  n  wry  hw  trial*  sou  mil  find  th«  p  ilnt  jr  whoro  tlia  polutt  *  fnd  d  Mil 
fall  m  7>  nr  nil*  tiHliad  H  vwy  «wy  m  prtotioo,  dnd  luflcttntly  aooUiatd 
ui  atom  «  (taark*  ^(Vwn  wbrch  ybu  may  begin  to  compuu  In  olfc  *o  (M 
Uw  oitft  mm  cf  tw  tly  what  ih«  cwflf  t  tt  not  too  nMr  to  UK  wnr  *  I  haw 

I  mod  Vr  tffpniwwff 
r  7  lUviriIrttrwIii^^pwfaljdltnf^iw^fttta^^ 

wv 


Km  ob^iMbMt  IT  fho  tlnKda  rttljpH  *Hw  ofl»«f  Uw  aMumod  t{Uob«r 


net  cue  MMMt  whl*  ww  art-rtd,  *nd  j«t  * 
tkt  1*0  ttr«  gftomrtm*    En^muwi«-1 

^ 


436  o»  Tnr  nonn    or 

Phcn  aco  how  thlf  igrro  nun  ttu  ilnr  I  cb    t  a   n       I  I  ih  v  d  i  n  t  * 
rootion  must  be  mult  ly  prep  rh  i   HI  I  U    Ll  ir     \    t\  \   r*  Hill  I    m  »rr 
id     ftl  thu  uill  be  b    I     \]  1  in   I  I  >     i    \  u  1 1  I   fl  Hi  r  I  , 

llmt  which  iipun  I  v  V    tl    U  (    ui     m  1 1     \i    i 
method  ol  t  niputilun  jiml  ih    c    <n  rfinc     U  I     p  ui   M 

OR   InUu  u  t  I    i)   M  /t  01 1 1   Rt  Ikldgni  lu^l    ihr  loll     u 
Mttoni  on  a  lointl  \vhtath   mem  iim«  i  r  lu     li    th    n  r  I   u    fin 
JioiJi  ltiu(omctuitliUUil«iit  inQ-rtvui  l*l*ui  ilw  mid  lie    i  J  m    nu  | 
ion  tt  mtMt  btve  btcn  in  Hi  fwrihUum  about  itul  urn 

I    <*  *  11 

Miy          4  BL   K   4H  r  it  S 

Jill/  II        I  IN        I      i  *.     \ 

-  T  -   14     «  1      <iu  n  i      i  \ 

Aojgllrt         J  I  I  *  If  4*    It  44  S 

— —         +-  I*  111  U  *)tt  4    MS 

—   -      III  U  4B  10  UJn  His 

1  14-  0  /  |    «  U      ?H 


0*9  I  rom  thm  obwrvitiumt  M  dit»  whl  ol  Uw  r^mM  br  ctrtrrmmrd  **t  d 

prtgctfediqinn  U»    rh[lk  M  itiarly  wfK*  ihlt  ly    n    tl  K   tniifi  t'     r     tfo 

IK      txpltlnwl  mil  la  \/|K  ili    ju  t    H  n    jr  |  \i\  |i      i,    j        lr|| 

100    fhowulitiromc^UiIwi  tr^ridi       Mi    rortl    I    i    ll>  M    |    L  (    IIM  , 

thai  whidi  w«  (inl  pirtjw>    Jit  Sir  I  Vm    M  »  *  M    I      U    »  i  n#  r  iAf 

nffhtlfft*ty«itttiur  r^rUtUn      tlh*i  Uu  p*tu   tt  r    |irl  tr  it  (    n      l 

but  Ijbt  v«U«m  A  unltatlM     lunA^jrw      M<    i    ino 


wmot 

gVKdDinoJong<(adt«ifift(Uft4  talk  «    l«    ir    lUr  «n*  U    «u4i 
^i  lU  dlxUftw  tfom  (b»coUt  im  m  *o4  Uw  cnwn  i  *<  Mto 
UiittnwuOl   m    Thwunu  hcmc  wbthli*  ^«w«»tv* 
on»of  thrtlmttof^t  ob*^tu>mmighih4v*twwa  w*ctn* 

ThoromU  piwifc  trom  iwnh  lo  Mtth  UliUOf  *r  i»  r  «*  0,P 
brtwom  Jgl  »?  ud  Au«M  ^wupoUr*  U 

vim 


04  1IIF  MOTIOJf  0V  COURT! 

il  I  tun  liom  ill   carlhuu*  101(2     ihbiiitutal  ^f  time  between 

i  1    I   n  til        HIM     initinKl  ii(Jdi}H 

i  \  N  l  flu  1  a  imrtboln  Avbuh  mu\vuia  to  Lhut  L\\o  Umea  on  M0y  JU 
iiil  lil>  »  1  tali  Ui  phuotllu  inrlli  m  August  G  it  midnight  inokolbc 
a  ul  iW  i^A  gtwflllo  UK  mtU  n  oi  Uu.iuilli  i  (in  Muy  JS  al8//  18  and 
lul  »  il  PA  W  u  Au  f  ol  mi  Illicit  m  I  InJ  t  S/  =  10148  mul  SA=- 
lui  I  UK  II  Hill  I  tul  A  1  tin.  u  putiu  plait-*  t  lla  tailli  nl  ihtLwofu 
I  Uin  ill  mil  U  uul  W  A  SA.l/iquulL  1  1J  10  ill  I  0 

0   Ui        i     t      u    I  HI   ml    1  1  1  1   1  in),  ill  UH   I  UK  LOI  ict  and  ./V  in  I 
U    illl    il  }i  i  li^  ]l          1  U     i  iud  on  lli   c  liptit    uml  A^thc 

n   I       M  i   i  i!        il     Mi    lin  <  SUnulSV  and  nu[i[o  c  them  la 

hi  t   i  it      to  u  I  io  (X) 

r    <    //  /     jj*  tii  i     Itl  SUss    oo  S  \-3l0700     Now  in  tho  tuanglo 

\A  U    ^  luv    SA     1014      SU    400    and  Uio  angle  SJiT^l/a  30    9     0 

hn      ih  Miit(t    AS  I/    <*1       >  B     \\tncli  Rulitinciid  liom  UicloiifcitulL  ol 

K       K    (  U   10    |CAVL<<        l          J  (ui  Liu  hchoccnUic  longitude  ol  Ui 
c  nui 

n\   \ci       <    ii    inj,  SA  If     10    J     o     Hiii  nng  £S4/_81      1  a 

|  I  i           i     l   »/   M    1m      t       17    Ui     And  (piano  Fug) 

t        II  llH       *        17     4ll      Ml         ml      llll     SA/1-     <>0     781884  lilt  llUQ 

1  1  i  ill  <    I  II        m  Mr  i    il  i    in  in  lit   [  1  im  1  1  itt  arbil 
*tM     I   rilij    itiwn  on  July  Jl  in  Uia  trim  1   S/^  we  tm\o  SJ  =10)48 
s\     looo   uidthc^iryU  ST  V   Jl    13  10  i  henoo  tho  angle  /S^*- 
M    (         *h  h    IMli  ihclrtiKltudp  of  /Via   0   7  I0*»  givffift    97 
Ii   i    4  C  i  Uu  h  I  CK.  runt  I  mgiLudtf  of  tho  comat     Npw  M  tftd  camol  »  in 
u  n  I  a  %    I  Vniht!  init  diiwnu  oflhooomotfl'ora  tlioiun»widltilttU 

ml      n  hup 

t  ti     XiUic  lifltanrt  rtf  tht  luhccontnc  longiiudu  of  the  comalis  1  i 
4«   ++  >  likf  «it  •«  A(\  iqutl  to  Uiat  quanUly    nnd  mnkc  a  Hpbcucal  timn      no 
gU>  n»  t  iDfUlil  W   who*  prrpuiliculir  1/m    15°  17    tf  i  Uiocomaa     170 
licUac^ninr  huiudi  uu  Mir  4  1  and  M»  wdl  mtauiro  tlio  aii^le  dpcnbod  by 
the  com  I  te  nl  the  un  in  tht  miprvtl  erf  (hut  two  Umci  now  ind     QOI  Mtf 
111    *H    H       C*   Vw    +      ir  *»*    ooi  Aw-lJl    fl4   48 
M7   llrm  t  ,  if  M  ^/  1  6  tht  tmo  ptrtbolft  wblc  h  ilia  comet  do«vlb«B  about    l  IQ 

-  10700  ^i 


«  If*    n  iMo-VBtoH*«-W^»lod    ftfa  U     baLri«  tnl    Jlfb  P*T|  il  ul  r 
'  ——  -t-k-  WJ       teHb*wb*  f  I  ui  t  I    itJibn  t  i    V     1  t<  ol  Do 


«  L  m  Ihitt  to 
W 

dUuotlvui 


0V  Till    JtOIIOK  0>    C4MITJ 

ii       I     IK    tff  kierminc,  Uit  wiflu    V\«     /SN    ind  th<»  pirlitlion  dii 

i  »«   /s 

crB   lit    \rl  r  M  i  kt  UK  Ih     lul  i  nrc  of  Ui    I  y*mhmt  of  U  -m|  s,, 
M  1m  In  OCKHJJI  mil  10  Otl      nl  \    41  I  u  1      tin    lOOuRJM    «lmbii 
ifithtfUi     itiJM    JH    n     I    Jiitthch  Mima  tf    iul  ihtr    ninuni 
l      H    II      hen  (  (ft  i)    ml     taiif,    *      B    U      col  J  JW  /  ,  mS  V     Jtf 
;i    Ifl     Lin   7     1(    *    lulmh  n  }  o*//7/f-r»S^     l.rntc-  Rowing  Ull 
Mini  on  I  1ifttraiiL«or   /VA     /W 
4f    J8  51    Ihobminomdu 

CCM    lollnl   Si   m  j 

IHHI     /s    re  Of   UK  imnn  rinUnce  o(  the  urUi  from  Ui     Un 
irtMm    ImLin    tilhlmt  hi  me  unit)    thin  jfl    oflnao" 

f    J   N«  iiaii  lit)  tin  m.mbora    d.)    i  orrwpnnd  nff  to  UR 

IUU  w  7I/B    theme  *imf«  MY 


.i 
Jnmi(OMirii    loKofno    O5w  luld  Ihf  1^  MlJiO  08  M  h«»  ik. 


goroiflwiu^firiluun    fromwio^  whuh^WM^beino    l«7 
11  uu  ui  iniwl  ttukc  t  now  miMwiion  * 


is 


prontdinif  M  bcfbrc  Urn  litUocenlnc-  kmjfiuui«  »ill 


«    «  • 

uluchinio    M    nl    *4«i  UU 

HJHII    llinlhnnhtni,«ilM,n,l    file        .1     M.V     l/mr 
III  Inn   I    in  Mo  N     I    mi 


17     Hi      Itiiiini.iiwil/nin,.,!    ih   ,m,  I     u,nimi 
UicrcJon  l.v  Uu  nil    tf  nu  n  wi     ino    o  i  i 

"7  ««•"•'•)     »    Mmrr. 
f,|ii«t«ldtif  ino 


.    n,  n  u 

UK  hclioctntm  I  lyilu  lw  W1[|  I*  i  ,,ml  i  U       n     tt  \ 
J7     n    irj,  Ik  hutanU  on  \bv    •     4  u     ,t     |.     I 

„     ss/      4         , 

.    m  40.,  lbi  kff 
b*atrvrolii\ci!u  ami  fmrn  •  in  AT   u  ofU  (kv*  «i«h 

tfmt>  *  •Wrtl-  u  *  -2C  £i 


0*  THE  MOflOV  Of  COUITI  4J9 


i  7+4141  hrnoc(6t      to    log  of  S^nddlholog  of  74099 
lit   1        I  4!  Of  4d  vi  the  tune  of  ch  cubing  tlio  un^li    jStf    nubUnct  this 
J  ai  i  f  ilv  9  )  a/    M    tlio  UDIO  ;vheu  tho  comet  uai  in  L(B  nolo  nml  it  guts 
Juni  1      I7A    K)  dm  timt  when  tlit  cornel  uiw  in  Us  pc.ulu.lion     Alio  us 
JM/    I  JO    6     4    indJ/m-t       3      1     tho  angle  ATAflUr       JO  18 
ihr  inchttitan  oi  tlie  orbit 

c    /   I  com  Uia-tt  tUinont   calculate  (6  l)  ilia  groccnUic  longitude  ol  Lho 
c  m  I  it  *om<  oihci  time  at  \\lutli  il  \sruobsuv  d  in  in  Unco  on  Auginil7 
•a  14*  CO  ind  it  tt  ill  lit  i  mn  1  1  1  lu  in  n  0         3  f    difltnng      ,13  horn  (  b 
j*n  iti  it    ill  pirib  IA  ihoutor   dots  not  roUaly  ihm  Unvd  obiciVAUon     AVo 
mtwi  ili  i   or  i  mil  t  tnoiliti  tupp  uition 

tit  1  i  '  s  pponiwi  Itt  S  V-3TOOM«1  J^a  10800  Tlwn  prtco«d 
tu(  i<  Irlirt  thtt  hoiiooentrio  longitude  wo  5  II  B  fl  uidO  87  47  i 
lor  VUi  JHflndJuly  t  the,  Kutuda  on  Ma/  09  a  47  17  40  ^  Uiologa 
nlltraqtS*  ^HlflLM  th«  MgUwS^—  4fc  *fi  J7  ^S^e76  1C  Jj 
tfct  toirrtji  uibog  diyi  (  Labi*  111  )  wo  W  BIO  and  77  8021  niid  the  lo^u 
ntbm  cd  S  J  i  HSW  )fl  j  litflcc  Die  umo  from  w  to  ^teea  008  da)i 

fft    4tu^  iupf  t  anon  compirtd  wall  Uic  flrat  allow  that  by  inoiMiing  8N 
by  100  Uw  tmwhwbtHn  incroaftlO  ndiyij  htncp  0  »    100    040j  (tlio 
Ml     tim    from  Uit  flr  L  nu)nu»il  urn)     fit  tho  quantity  b)  *lutli 
hiki«  Utn  innwul  m  Uit  lint  auppouuvn    to  havt  mada  Uie  Umo 


67<   ^f/A   qpurtMi  Lot  W«aAX>uld  W«10?fl4    lh«  W  Water 
wp#rtiv»  btUocwitnt  longltudaa  wfll  DA  firand  eo  bo  4   iJ   0  fl  and 
0-   2T  +/  /    (Umlautudi     H*  17 


thi  anflk   *S  /    44   5»  *4  //A  /aT6     18    46  >  thfl  eoAMpondlng 
(Iftbte  ill)  lit  19«9*4  and  70697)   Uie  loganthm  of   SA  m  08flM8S> 
IIMC    Uw  UDK  from  *  lo  A  raOl  099  daya  aniwulng  oYtromo])  hoar 

070  Dttutimru  (BTt)  iho  olhcr  cUmcnU  of  Uio  orbit  and  wt  ihall  find  th« 
dMCdiduix  nodt  m<r  47  4tf  fl^  j  Ui»  perihelion  in  S  10  J^  fl  »  thotim* 
oTtfu.  piMft1  AfOttgb  th«ponh«bon  Junt  16  at  fl^A  Ji  i  and  tha  ladinatian 
W  r  4* 

••0  Wttfe  tfarta  »I«n«nl*>  caJeuhio  (Ml)  tho  pootntno  bnghada^of 
comet  on  Augurt  17  at  l*i  fltf  and  it  will  b»  /ouidln  »7   8 


6Bi  Now*  A*  dOffKUom  made  to  to  d*iw^ 
hi  prfporton  to  th*  ddfenaott  boUfttn  tho  calculation*  and  the  obHivntioi^ 
wt  Sw»  v  f  t*  *7"  4T  (the  turn  of  Uio  coron  or  diflfbionooi  batffHA 
At  ovMidaov  tti  otatmUoa)    J1  fltf  (to  «m  flom  th« 
tonboit)     9W  »o*  M  (th4  ooraaotiow  muto 


4M>  OX  TIIF    WOriDH  Of  POIFT4 

hern  of  llu  mim  1ml    lit    lift  un  niu  (  havp  b  en  Uiur 


Jiflirin  ( 

CH      1    upjh  Llu  c       nun  in    il  i    11     it    I    fr  n    r  m\  mittf  tlic  com 
]  ul  iU(  us  \illi  lit      hi  mi   i     Ui  l  SI/  11  t      n  ti  li     i  llu   ihtrl    iippo 
iti  H    ml  I      hill    in  llu  hit)     llurrlnr   win    I   U  /     Irmi       m    and 
ilk"  '        1    1  f  i    S  I/    anil  lint  llu  limi  mi)  rtmun  ill      IMP   jdl   14 
to  SjV  m  llu  ililiriiupn  tinon  nnd  il  giu*  ^     10"  I*     ^Hli  th  *  \-ihui 
mnlai 

081    SulA  Stf/j/ww/WH     la   M/    5     1  7       S\      to   M-     (  wi|  utt  *  b<, 
iorc  and  Hi    holioctmm  longilwU*  ttill  bt  faun  1  1  1  U  J    1  1    41   M    and 

»   J7          1+     ilulWilo    +        r    *   mMitJt    Uic  luff  nil  m    f  Vm^ 
IBHHOJ.    tl»    npknsj    t     Hi  n    \s/          n  g*    IJH  |(v 
JIJ  )  i  n    |   n  hnjr  n  \  I  uli  i      \t    <*  ami  ;*  H        llu  I  (fjmltm  rf  s 
IB  HIHH  mil  Ui   in   fr  nt/i  it  N  i  (  J  U\t     Mint     fr  m  ihe 
IcincnH  adihrt    \planud  tlujiluril  llu    I   tfiuluij  nwl   i   fnimlt    IK 
in  0  J7    W  J*     Hit  pbu  irf  Uio  jwnh  lion  in  I    U    in   40     UK  p*  44 
ihrmijHi  UK  penhtlimi  Juno  1  /  M  IDA  Jf  W  mtuntlmc»|  (hi  milirMliim  ol  lli 
ulnt    1      I-    Hi.     iml  Ui   iriu  plait  of  Uitf  cutmt  (OT1)  mi  Aujcu  t  FT  at 
louin     0  J?iu  vriUU*  M  +  tttulh  IttKttd* 


Ofti  Wh«t  w  compote  us  mo  bow  UKI  0  omfttiotn  ipnt  wtih  tbt  obwr 

\Qtionion  \M^II  |  17  vu  ini^lit  1  it  c  ntpu  III  1  tun  I  n  icil  rf  ill  bo 
Mliilo  nnH  rl  \\ill  In  h  i  K  tl  i  \\luntl(  Ulltil  t  it  It  l  i  ilmq  ife 
Ini^  tnli  \  hull  will  h  pj  tn  \  lut  llu  mliMNiun  lih  Hun  mv 
ibli  mil  ih  i  me  I  nru  (la  no  I 

(HJ  D  aw  liapptii  ilwi  Uu  noli  tlw  mik  niu«nli  t 
in  placi  can  It  (cmndbr  ni  if  ilatimi  alur  findm*  Uu  Iwt  (  mttmi  1*4 
hiliotcnincltlitutlnand  ImtwmHMmtr  It  ib  ncnU  wilibtn{ni  r»  j*  ) 
iht  pUtt  it  ih  node  and  tlu  induuiu  n  nf  ih  rtm  rtu\  b<  f  un  I  kl  Uu  mm 
lime  InlhmcAt  ono  of  lit  fli4Krumpaum  U  wH|f\  Utt  |tirv  lad 
point  A  Llmldf  iht  tiddt  IjutUin  mokrintduJ  rncr  tu  iln  ip  ritun  tu 
iliRlKcmihUtuhconipuu  ihckliw  nltu  ImiMil  (^  u  ih«*  nh  rum) 
wdtr  m  ffvt  Uu  difUiiPt  of  Uie  umn  Team  Uif  un  »nl  UK  ut^lf  ri 
ibPUL  Utc  win  w  txpltuna  I  in  Uir  /h-jf  upj»  rtlian 

AO  A«tli   c  imrt<  dn  not  m  u  inp»r»lKil*i  htrt  invert  tutntno 
HntmpomUoU>findflparaboliii^nNiiijt««cHrU(lr  I    ib  i  «4^t    rtwtUU 
iufBMiacA(H%J&)ra«hputii|tnr  mv  ncjdv    frail  it 


In  iha  tj%    vc*«  ma« 
nili  n  «uri*(lr 


ov  mr  worrov  OF  town 

IH7    In  Art   JOt   it  n  piotcd  that  if  you  men  wo  an)  ono  quantity  rttthr 
hlth  m  ulmbft  taUulfttioiHitobt  made  by  n  ui)  amnll  qutttity  tlieiemilt 
01  ury  in  pioportion  to  that  mcaaao     Iltnce  tlic  louwu  of  the  wholo  ope 
"  'i  luaniltitfromihu  labk 
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OBfl    llu   uppuuuoni  X  uid  7J  produce  on  ouoi  m    also  A  H  a  and  JJ  pio 
iluct  an  error  »    hcnci    fiom  Nslml\vo  ha\aju«L  now  oxplunod   u  tlio  didar 


tntaol  the  rttuilH  m  tn  (ftituidmg  u  dio  tnoii  aio  of  difloientorllienmoal 
lution«)  mwl  vary  M  a  vaiui  m  tw  m  a  tho  qiinnlily  by  which  wo  miwfc 
alUr  A  [n  order  to  dcttroy  the  11101  in  01  to  moke  Uio  onoiaO  In  like 
manner  Ui«  tupp  Nutlom  /  and  n  i  6  piuduu  on  en  or  t  thucfoio  w  i;  m 
A  *  thn  quuiUty  bjr  which  M  must  bo  literal  ui  ocdai  to  dvlioy  Ui«  QUOI 
M  llcutt  we  btvo  MI  two  wptwOJom,  or  mo  ptwbolM,  wlM  wiU^orwv 
tho  flm  oondftton,  that  1*  of  uio  tlma  Now  to  the  wcpnd  oondltion,  Ui« 
llurd  «nd  fifth  nippoMtloni  wdl  produce  an  enor  of  *4nd#i«ipootiv«]yi  ono 
of  dime  wppcHjuoiti  Uitrafbra  muit  be  ooiroctod  M  that  no  wror  may  lomam 
tn  tJthor  condition  j  lot  Uuiftfbio  ^  ^  +  and  2?  Hif  bfl  tho  valuoi  of  8M  and 
to  MUiiy  both  Now  (  iltorod  by  produce  an  cflbctm  foi  it  ooneoli 

*hoU  rrror  j  btntfi  «        m   w  tho  error  dint  would  bo  mado  by  altor 
Ing  A  b/    |  and  M  21  altered  by  I  producoi  nn  oflett  m,  we  have  (8   I    w 

the  effect  lhat  would  arlw  by  aluring  2^  by  f\  honce  that  no  eiioi  may  be 
hi  th<-  time  in  the  third  luppowtion  by  adding    to  A  (•*>  and  If  to 
4  theee  two  tfiboli  ihua  produced  muit  deiboy  wot  other  or  m    H^  BO 

or'n  -*    H«no«t  fltft  no  error  may  bp  made  in  the  tioiq  lu  Uio  thud  siippo 

*bon»  by  altoitaf  the  vaJuea  W  and  6JV|  the  inoremenli  or  decromuita  friutt 

b*  in  the  Mtao  of  «    *i  Utli  wai  done  hi  Art  69*  and  therofbro  the  ftttoOitfr 

down  will  ream  AilfUled    Kowthe  obanguig  of^+*io^  (w4offf*)3 

fl  lqg«ftherproduoeaneflbo^±y  according  aathoy  are  otdlftwnt,o*  the 

vox  r  a  i 


nil  rm  MOTION  or  court 

mm*  alltcUuiu  |  limit  u>  prnlui  tli  cfl  ii  i  n  lodrlrt)  tlmtrrur  M 
Lhe  iflul  »  luprt  portion  ti  lla  \  mill  m*  I  /  mi  I  /I  a  »•?  -r  »nd  J  ^ 
niul/  Lhuc  rr  tin  n  la  I  a|[li  It  /t  mid  H  lo  fulfil  lh«  utiHltandi 
tiun  i  niHU  Uu  nr  r  o  mil  tl  i  nl  i  look  pUct  m  An  rm  lUmv  by 
n  Hilling  S  I/  iv  t  anlSN  /»  K*  biUiirr  pmr  il  lr  u  \  Although 
a  /  *  r  nrc  nnntvrtl  lo  V  and  7?  by  Uu  WK»  >•  )ti  a  tru  l  bi  undffw 
MOO  I  Una  the  ri^n  mutt  lie  t  /r-  mturdittff  Ui  cirtum  mnu 

(  BB  When  ffre*l  tccnmty  m  m|mrcd   *a  miirt  Uk    ml    icfiMltMUion 
cftlct  of  abimuon  nnd  pmllui  Ua  Ibrmtr  nuy  bt  (cnapuud  by  An 
nnd  llu  InlUr  b>  Uking  the  honnnul  ptrtlltx    llwloJ  Hi   wn    ft     9 
ilnlniic    of  (he  mm    Uu  dituncc  of  tlio  romtl   ami  then  finding  the  |mr«IUx 
in  InliUid   and  1  >ty  an  li    A  fai  llit  |il  in  I 


1  x  On  Au«u  L  JI  I  ro  l  UIP  diurrul  mt  tuni  uj  R  i  m  i  »«  f  »  MI 
ludt  and  95*  in  Utitu  U  ui  I  IU  di  inn  o  Irani  Ua  rulli  (>  (  1  7  II  me  (  m) 
the  ibumuou  in  longitude  i  14  ind  In  UiUtuUt  *b  Uotli  10  1»  -uld  U  Now 
the  «pp»rt  nt  longitude  WH  4  1  1  Ml  tndliutuddJ  )i  ^jhompUKaf 
parent  longitudo  toiixntd  Ibr  tbtrnUiDn  wtt  +7  1  4f  *ttd  Uuuidv  **  V 
Jt  Ak>  0067  1  *  7*  is  Lh«  lunvonul  pwiJU*  ftuki  lhc*(w«] 
JixinloiigUud«ktamd*b*4  to  b*  «W»d  to  On  true  to  giro  thf  «mwr«i 
longttud*,  irid  M  ib»  MIC  Um|ptud*  (by  cottnuMJoii)  ww  41*  /  t,  Lh* 
piwni  ou^ht  to  hm  been  +7  *  7  i  h  no  Hit  error  m  I  n*rt  idi  «A 
Al»  Llio  ]  arnllox  in  latitude  «iu  10  ui  HP  •  I  M  1  1  Ui  trui  i  gut  tht 
pArcnUNliliidt  Hilt  n  Ui  lru<  lililudt  (li>  i  inpuUlini)  «<  5  H  Ifi 
•pptronl  ouglu  Lolmvc  kin  <"  H  J(  lumc  Uic*  tir  r  in  Lmul 


WO  It  m  otttivmolydilHoult  lo  dctcratm  from  ttmpuUthw  th«t  dbptte 
ofr  t  ooffltt*  (o«ny  dcvrwolaccunry)  (ctrwtun  Uu  orbtt  itniy  rx^u- 
Uio,  a  very  «DiiU  tftw  in  thb  ob<«uvAU  m  *iU  Huuig*  ifw  i  m|witd  mbil  into 
tpanboh  or  hipcrijuhi  NOK  from  th«  Uiitkiu  i  EndiniqiMliiy  tri  the  HIOMV 
•photo  wiUi  wmtfh  Ui#  tomtt  niorroundv  I  It  lUmumfclfl  to  drufutim  wtlb 
uy  ffitil  picckion  whtn  uihrr  tht  limb  or  ccntor  cd  At  «w  i  p«n  0» 
tt  tho  time  of  obvavaUoii  \jul  iliin  unrtruinty  Ui  Uio  aWrtAttoa  mil 
]«olti)o  computed  orbit  loigrntirror  Honu  u(u{irHi>tfd  thitM  Ooi 
4tt«minul  Uu  oibit  ol  iho  oomtt  in  17M  toUtinbvprrM«  W  FOM» 
ftttt  dtUrnmad  tlu  wrot  (or  the,  coma  in  l7+4>  IniUwvtngumv  i\  i»m 
MoUtM  DtarrMlonit  he  found  it  ui  bfl  M  ffflp*  Hit  p,nM  d  Um  uMUt 
in  188Q  ippwfr  ftom  obwmloa  to  br  *7J  yw*  irht^h  M  Uti^  by 
hw  oompuMltan,  dnwuMd  to  bo  layout  Hw  only  ^fi*  »*y  to  g**c 
period  of  oomi%tt  fen  conpm  ibt4Unmu  of  «U  UMM,  vfaioh  haw  femco* 
•ndwh«i»sOtttodUiey<ffttv»7wallf  you 


ON  mi  MOTION  01    t QUITS 

an  i  It  mint*  of  the  tame  cnmtL   it  being  10  Lxtiemtlj  impiolwble  Ihrttiic 
arbiti  ol  two  dilkrtnl  comtU  ahoul  1  halt  the  mint  nu  hnatioiigHlic  wmo  poii 
Iioiiou  dittancc  and  ilio  placu  of  ttio  ptillulion  and  undo  tho  same      llius 
km  wing  iht.  periodic  time   uo  |,U  Urn  ni  yor  nxia  ol  the  tlhpio    and  the  pou 
litlion  litfaim  tx  ing  known    tho  mmoi  axil  will  hoi  noun     AVhon  tho  ok 
flamu  ol  the  orbiti  agnx    Uio  tnmtU  may  lie  the  mime    ulthough  the  pouodic 
limit ihould  VHP)  ninth    iw  lint  may  muehoni  Uu  nllniolion  of  the  bodus 
in  tiirayaUm   and  which  may  iho  niter  all  Lin  ollui  ikmenlsahUk     "Mo 
havt  alrr  »ly  obwvrd  that  tht  coinol  which  nppcnud  in  179)  had  iU  pouodio 
umt  men  i  c  I  tonsil  rnbh  1>  tho  nUrndion  nl   fupilt)  and  \(itinn     Ihu 
totmi  WM  ^  n  in  itiH      U1O7  and  1  11    nil  Uu  cltmcnH  ogiMing  except  tf 
hlilt  vanali  utl  Uio  pennht  time     I)r  HALTII  wnpotied  tho  cornet  ift  1080 
to  have  UtPH  Ibt  aunt  whfch  BppMicd  in  Jioo    5R1    flnd  44  ytfflifl  bdbio 
(«Rt«r     lit  ilw  ronjwiurod  U»l  tho eomfll olwdrnd  by  AiiARjn  1J99  wad 
UM  mmt  a  tliaiolntrvid  hy  HIVMIUI  in  inni     if  H>   H  ottpla  lo  ha\Lio 
Uirni  d  in  U  JO  but  il  hai  never  bout  ohm  i  vt  I     Hut  M  Mi  c  if  UN  hnvnig  c  ol 
luUd  all  Ue  obmnatiarm  in  15-JJ   niid  cnlculaltd  the  oibll  ogiun  /mind  it  lo 
be  am^Wy  difltnnt  iron  thru  dcUnnmod  by  ))i  HAJFF\    «hioh  loudoia  It 
vtry  dmibtHri  wholhtr  HIH  wu  Uit  t-onul  which  uppcaitd  in  1601  j  and  thla 
doubt  n  incaiHul  liy  lU  not  appianng  in  1700       llu  conicl  in  1770  whofe 
puiodio  hmr  M  1  tun  tompulcd  lo  he  n  yearn  mid  7  months   han  not  IKPU 
fltwmd  KOM     fbWo  oan  be  no  doubt  but  (Jiot  Uio  pah  of  Uilfl  ooraot  fbr 
the  urn*  il  WM  otawrvtd  bolongfd  to  in  orbit  whow  ponodio  thu  wB<  that 
fouml  hy  M  1  VBI  t  M  tha  witiputouom  fbr  nrdi  *n  Ofbrt  igresd  itfv^jrwudl 
with  iht  abatrvatioiu     llul  tho  involution  wu  pibbnttyr1  lotfgw  txrfbra  1770  j 
lor  i«  the  pomol  named  very  n«or  to  Fupilor  In  1767  iu  ponodlc  Uma  might  bo 
fttwihly  tncrvawd  by  tlu  iciron  oPdmt  planet)  and  ut  llhu  not  boon  obaeivod 
Mntt  wt  may  conjLCiurv   witli  M  I  m  r  i    that  having  pawid  In  I77fl  flgaln 
Into  the  vjtlitrc  of  aenribU  allraoUon  of  Jupftor  n  new  diiluibmg  foroo  mlglit 
pmbittly  tAkx  pl*c«  mid  dwtro/  tm>  tflut  of  tho  otlioi     Aocoidlng  to  th« 
abuw  iUmotiu  Ua  comet  would  bom  conjunction  with  Tupitu  on  August Sfl 
170  and  iu  dwtaneo  from  Jupiter  would  bi  only  rir  of  Jo  dlstafloo  /lorn  the 
mn   wrwrquwiO)  tho  tun  *  action  would  bo  only  ri*  Umoi  that  of  Juprtci 
^Vhat  m  Chang*  mail  thl«  mako  m  Uio  orbltl   It  lie  comet  ifltonud  to  Itu  pou 
hrJioniD  Jdmh  1770  It  frduld  th«n  not  bo  vWWo     ftwM  ttxur  a  account 
m  thfr  FM<  Trw*<  1770     fhi  elomdnto  of  tho  ortlu  of  tho  comets  m  U64 
ind  1MO  wttt  to  UArif  tha  nfflt  (hit  it  11  votjr  piolMble  it  was  tho  same 
If  M  H«g*rtW*pp«Wi|»lnttboat  the  year 
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I  11    (  0mcf«ai»nuL\i  ibli  oil  iluj  toim  into  Uti  pUndity  riguni 
nrtniriomuk  I  Mali  n  vtry  dttiu  nimo  phire  an  I  Jiom  iht    id    ojt 
thrum  ilu  y  idnd  forth  a  Uil  wlncb  imnucua^  the  rumctappraulim  lU  ptn 
holion  itrnnodioUlyaAGi  wliuh  n  11  bngi  (  mid  mewl  lumiucu*  and  then  it  n 
gtnenlly  a  hulo  bc4it  uid  convex  lowfenln  tiuwt  putt  I  »  whirh  tho  cdmtt  u 
moving  )  Uio  Ui(  Uitn  d«au*o»  uul  at  lui  it  vtnwiu*    Sumebraci  the  uJ  u 
obHivcdtojmlcnllnihgiiu  Lowirdi  in  Mlrtmity  *  uihitdidut  I7b9     fhc 
RmolkiL  aUifl  arc  Kin  llir  mgli  ilu  Uil  nulwuh  tin  hug  iu  unmtn     (litrknm 
whuli  piovudmt  itunmtUrmuii  be  t\u  mch  nn      Jlu  opmton  of  ihtt  an 
cioiitnlulouplitn  an)  U    \uuionMnnnllm    Uui  U»    Uil  11  1  vtry  Oun 
Hoy  vapour  onnngicorathi  i  pmtt     Anw  (  AII  ^    Ircii0  ami  o(hm  br 
Imnd  ibu  Uiciun  •  ro^Uinfc  propag«icd  tlinm^h  Uit  Uamfurtnt  kr»d  of  the 
comot  wow  wftwlid  M  ID  a  kn*    UuiUu  ttpcm  ol  ibt  tat)  ckK^  not  aa  mr 
toih»i  and  mortovcr  there  ihouldbft  *mmi\fl«ltfi*  nbiUori  K>mtd«rUi» 
rayi  viwble  ID  Uka  moniui  w  Oiut  miwtUt  du  t  or  «nd«  Ara.  alrot  ma 
o^^inwdwUutanyaf  light  ffaunuff  Utea/  U  *»^4»  ntur 
itftddlofl  ridi  VIP  ikam  It,   Kwun  wptHMd  i!»u  Uu*  mw  of  Uu  *wi  frwrr 
»w*ywmo  ol  ibaffnuipuu  of  iliatun.u  uhalt  r  HCCH  ihi  wm«r-v     ud 
givo»Uic,appuiancbuf  A  uil     UMHII  t  ih  iKli  ihi  Hi    ilium    t  art*  * 
tin  Atmoiphorc.  n!  R  ponui  ira  ur  It   I  Uv  Ilu  I  r(t    i  UK  I^A!    mU  tlmctt 
fiom  Uio  f  10  ]u»L  and  each  ai  I   <  /  ilu  (  ,„  (  iOMni,  u«  pm  i  iu<wj  (r<w  lit* 
•un     Su  I  S»wnw  Hunk-,  that  UK  bul  ol  a  coma  .«  a  vm  Him  v^hrmr 
whiUiUu.baul.wiuii'lMMoJ  Uieaomn  Mndcmi  by  iVMn«(  i  feai     IU 
•uppew,  thiiYhffi  •  eomttw  dnoondingio  Iu  ixnhtluMi  Ur  MI^IP  br 
hind  Uit  coma  m  mpwt  to  tfce  «un  b«ingrv^rd  Uf  Ui,  «i,    |, 
M4ukoupwiUtUitmawrefl«cUiVpirUcl«»u4iirtiuh  ibi  Mil  ,*r 
wairfa«fltdbybottc«il«iuplhopaiutU*of  wiok*  ma  rhumwv 


the       tu  ur«  <* 


mre  bo  attribute*  something  lo  tbo  «ia  r  my*  uny  n*  wuh  ihtm 
.         •  ol  Uit  aUno*pbtn  ol  (b*  coma.    And  whin  the  Ud  u  Hun 
U, lilMdituuclcui  Rm.Ulct  to*ird«lb»iuitind^  Uic  pr  grtid*  iur«  H  r« 
^•eonwt  itdtft-nbtian  fUipwab^t  ilu  **m  a*4  a^u 
Hwn^owalwtoihaawintof  Uw*  vortwr*  thai  HIM 
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OK  THR  KAfUJU  AND  1A1L1  OF  COM!  » 

vatui    nnd  the  cornel  movu  in  a  dumratrapsphtu  of  the  aim    TliclEul  of  tho 
cormt  ihtrefort  bring  lormod  Imm  die  heat  6T  tho  aim  willmci#«o  till  it  tomes 
to  it    juniulmn    and  decrwa  nflciwiida      Lho  aUnoaphuo  of  tlio  comolii 
il  mini  lud  afltht  Ufl  mtioaw*  ami  11  leant  inimodiauly  oftti  tho  cornel  has 
px     I  Hi  rwnhtlloo,  whcrt  it  HomUimcs  appear  covued  with  n,  thick  hlack 
tmnkc      Ai  tho  ?  apour  rect  ivu  Uo  inoUonB  when  il  loaves  the  comet  it  goes 
on  with  thu  compound  motion  an  I  tliutfoiolhc  tnil  will  not  be  tinned  ducctly 
IV  m  iht  wn    but  decline  from  it  towards  them    part*  which  aio  ltd  by  the 
camel  \  nn  1  muling  s  itlt  a  mall  u  inUnco  front  Uu  adiu    will  bo  A  little 
curvi  1     \Vh  n  ill    p  ci  itc  r  ilur  1  »a  ut  in  the  plane  ot  tlia  comot  i  oibil  the 
curt  nun  Mil  u  i  *i||  ai      Lho  Vftjonr  tlmi  rartfled  and  dilated  maybfjif 
lut  trail  red  Uir  t^li  tin  henvonv  and  be  flnlhored  up  by  the  hlanett  to  sup 
plr  thf  |  h<x  at  ilwMt.  fluid*  whuli  aro  ipent  in  vc^tutioii  and  oonvtiLcd  Into 
UiiM«(Ui«*ub<twiMorSii  I  NPWION  •  account  oi  Uie  tatlflol  oomoU 
lh<  opwwi    I)r    HAUIITON   in  IIIH  /  kilo  iplticai  I  awi/s  obwivo*! 
w    hav  n   piwtl  ol  die  txmtnt    ol  nxulni  nluic^jlau    and  if  we  had 
wh  n  th   K  mu  i«  nio\m>r  in  ill  |  uiluli  m  in  R  liitctiou  nt  light  nnglej 
to  th    lire  it  iidiuinl  ih  vapmiM  \shitU  then  QUIQ  pATtnklagof  lhagie&ti 
vplixUy  al  ihi  tomd  ftadbtiiiff  tl*»  Hpccincall>  ligliUi  than  Uic  inodmtn  m 
which  Uicy  mcttc    mwd    tifl  r  a  uimli  ^unUr  uamtaiuc  limn  tlio  dumc  body 
otlhi  romrtdwt   ami  Uftiifora  (iiglil  to  bi  Ufl  behind  and  would  not  np 
pnraftMMt*  to  (bo  «fflj  and  ifbrwaicU  they  ought  toappui  towiidstho 
•un     Ak^rf  fa  ipltfldor  of  (h«  Ufl»b«owrh|f  ttfhtrJtotfdftand  rtftnatidn 
o(  iht  «D  *  rip  it  outfit  to  dittimtii  Uie  taut  of  UifitAM  won  thMOffh  it, 
whuh  wool  I  U*vt  thnr  light  it  flu  UK!  »nd  rdhcttd  in  like  mAnnwyond  con 
MqutflUy  ihtlrlmjr>lni*  would  hrdiramnhttd     DJ  UATIBT  In  hii  daciij) 
Uon  of  ihi  Aunid  /loiM//f  in  1710   §i>*      the  lUuma  of  light  no  much 
n  i  mUU  ri  iht  long  UiU  ol  c  c  nain  Umt  at  unt  tight  Uioy  nnglit  well  bo  taken 
for  KUI  h       tnd  «H«rwanU      thin  light  nocmi  to  liavo  a  great  afflruty  to  that 
which  lh<  cfflu\uicf(tl«ctric  Lodici«init  in  iht  dnik       Ihil  Ltmt  N    W 
J)  da  M«lft4N  aW*  talU  iht  Uil  of  R  t  unit   Uu  Ruioru  liorcoln  of  Uie  oomet 
H»w  opinicm  Dr    HAMitTOM«upporto  by  tho  f  allow  nj  aigumdnd     Aapoo 
tator  atidmunot  from  ihotuUi  would  MM  dio  aurora  borflalum  die  fbim 
ofatajl  oppm»U*tothf»un,  Mtht  Uilof  ftcom*tli«     IheouiombofMluhoa 
no  cflKi  otwn  Ort  nun  *ut  through  it  naif  hai  the  tail  of  A  comot     I  he 
ktttwn  to  abound  with  clooirio  matter  end  iho  appeainncc  of 


lh«  t4«Jno  matter  m  feetw  itoxeetly  bk*  die  appeal  a  nc*  of  the,  auiom  botff 
elm  irinch  from  ito  greet  elutude  may  bi  ^onndeNdtobeinasp 
tMmffl  M  v*  on  make     ihe  dcctrio  mallet  in  vaouo  tufleii  Uio 
fatffat  to  pew  thnnghi  whlunu  beta*  affected  by  tlitm     fho  tall  of  * 
done  M  expend  rttelf  ridftwiy%nof  doai  dio  olatno  matior    Hanoof  he  sap 
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ri  i 


rm 


tv  TIN  NArurtf  AND  run  or  c  tun 

po  w  Uu  lull  rl  rnul  iht  uuitiA  lortalif  nnil  tin  ilertri  flui  I 
nmtlutt  the  *rm  hn  I  VV  nt»  n  Id  B  n  lurtlcr  ctnftrtimiun  tf 
opium  Uml  (h  t  n  (mini  i|j  Kill  It  L  uiti  pnlffil  uil 
I  t  mi  i  innk  tl  lilt  nil  lul  h  11  I  tin  Uil  el  iht  (  in  I  in  ]<  in 
Jim  ilt  en  I  llir  him  in  l  hi  (ml*  ol  (lit  t  nut  in  If  J  util  inn 
IIICBI  takntiurlih  nmr  uppunuKt  tn  tlit  eanitttl  i  11  Uu*t 
circiim  tinccn(xjull/nmilnr  ID  tin  aurora  bornln  ])r  IhMii  r  IN  coiyc 
turn  tlial  thi  uit  of  UIP  ronutamay  Iw  La  bring  Liu  tlttlnt  mniur 
conuiiially  ctupn  l>om  tho  pltnou  \rnik  int*  Uu  pUmur^  npon  Iti» 
wgumtnttnit  otrtinil>  itronffiy  in  fnouraf  (hj  hipoLhtu  wtd  if  Uin  U 
trao  Monifl)  furlliLmhl  that  lite  lntl«  are  hollc  w  ftrrfUit  tit  tint  fluid  onJ> 
jrocci  IniiUJl  t  limit  n  RII  I  tlr  n  L  rliurp  wtltwuy^  the  firHclmcUv 
1  chin  L  Uit  r  mil  \illlM  In  hlk  Unh  u  tnlihi  iliumr  of  Uu  t  uU  will 
account  for  Uic  *ppt  irnm  tl  thi  Ur  tlm  Mffh  clam  Ir  m  Df  Hrn  tun  < 
ob  crvtutruon  UK  cornel  m  1RII  lit.  toncludttl  (h*t  tomtiA  uv  luminous 
bodunj  forthn  comet  did  m  l  *|J[*  ar  ppbboan  wWo  •«  ui  cjuqw  bad\  it 
ought  i  tnH  i^  ImlllNntr  whvn  *l  to  immww  dhumc*  WM  wch  M  could  U* 
ttpuLul  onl)  from  uluininuut  Imdy 
09J  Uu  length  of  §  oomcl  M  till  may  Iw  Uia«  ftqnd.  Tu*  S  b#  lh*  wn  ^ 


tfwrotari  vc  knew  (hft  inffa  H  f  ft  «od 
Lh(  nngU  under  \slitch  (ht  toil  npju  am  hence  \  Hmt  r/  ih 
of  Ihc  Uil  If  Uiauililcum  In  mi  <ml  /(  M  l  nul  Itrnnd  tiv4lwo 
I  he  n  ^o  ulinll  know  Lhr  miffli  f  (  \f  *  Hi  f  /  Nl  H  UK  nn^lt  {^  */  lo  h4id  f  W 
(hi  Lwl  o(  the  tnmd  in  UlBOipjKirnl  uml  run  jiiiRli  f  o  «rtofdm|ttoWf 
And  \rr>  linlhuitt  (hat  illrii  und«-in«^(f  ICH  wcc*rdfflK 
irTAMnti  Llutar  17W  un  I  r  «n  *ntfl*<af  W  mordinit  u>  If 
butiheJighLmnniylimt 
098  Ihtt  limn  olt  comet  ^ditume  may  n*  urs  ««  ilv  uttriiumd  frora  in 
j»ri  itb(niff«upp<H«dtolH  dnttUd  from  Lht  »un  Hr  J  i  S  b0  Iht  HO  V 
Iho  twth  /  /  (h»  line  jn  whtch  U.t  I  cid  of  the  torn  I  §pp<*r*  f  /f  thi  Imi 
In  trhith  Liu  wtrttnltx  of  the  (oil  »  tHj*n*d  and  draw  Hf  ptmlM  lo 
then  tlio  oomtt  N  wiihm  the  dunanu  /  /  for  t/  liw  tooxt  mm  •*  /  die 
wold  b*  directed  innhn  jmnJlol  to  /  /f  «nd  tfa»nPfotc 

know  w  /f  ^  c4*wr*Hwo  and  c 


ldlttd««wlirart 
thgMi 
S/    nn 


on  Ptumbcr  fli,  torn 
»odl«gth  of  ih^tnlTa't  iunrr 
7  a^     tiitwfc»  thn  twn 


ON    PR!  NAfURP  AND  TAILS  OF  COHI  ffl 

n  I  (  irlliir  li»Unt  liom  die  RUM  llion  (Jnoc  Umci  tlio  oiiih  n  diatane.0  Iiom  llto 
vtin  Hi  hot  *  i  mwldqKnlupou  the  pjoodneBBoi  Lhc  lelcjKopc  and  mag 
mi  1  1  rt  llu  i  met 

0  I*   In  it  p*rl  lo  the  naluio  of  comets  Sir  I    Ni  WIOH  obaenw  that  they 
mu  1  1    wild  IK  hoftlke  Lho  plimclfl     Icr  il  Uioyuuo  nothing  butvapome 
llitv  imrtlH  di  tipiUtd  u  lie  it  they  conn  ncni  Lht  mm    lot  tlio  cornel  in  1CBO 
whin  it  WM  in  U*  p  nh  li  in  \\M  Uu  liBLaiilliom  Lho  HUH  Umn  one  iixlh  of  iht 

mi  diurm  U  t  i  on  i  qiu  nil)  Liu  lie  at  <  t  el  o  c  onul  at  lliul  Unit  was  Lo  Liu  heat 
ul  the  n  uin  i  mi  n  HOIK)  lo  1  llui  llit  heal  ul  boiling  wnUn  IH  abonllhioe 
uni  i-n  iiir  l  him  ih  IK  it  \tlii  li  liy  mrUincqinuslioiulliLHiumnci  Him  and 
iht  I  <  i  I  *  11  *  ii  »  ul  mt  ll|rtl  Ul  '  u>  Unioa  gituLor  limn  llio  hoalof  boil 
r  II  tr  lit  htntol  drytwlli  at  Uio  tomol  wlion  m  lla  poiihollon 
ii  4<wu  u^itrt  grtaUr  thnn  ltd  hoi  non  Uyiuohhoat  all  vapours- 
*  MI!  I  U  irwn«li*lUy  ili»  tyatwl 

1  i      ntuluiL  of  lha  tomelniMlhc  jplnincda  vci)  long  Umo    loi  and 
h  Ighh   ol  inn  tf  on  mcli  dmmtur  exposed  lo  Uiu  open  nu  BCOICC  IOW.H  all 
inlu  aim  ui  haut     l>ulHL,rultr  gltlic  \\unld  utain  iU  huvl  longoi  mpropoi 
umi  t    U  d  im  l  r  Ue  IUH  UK  nurhu  at  ulutli  it  glows  cold  van  as  in  that 
j  r  ipwri   n  Irt  ihwi  UK  yuuiUL)  c  1  hot  nrnlUi      I  hcioloio  a  globo  ol  led  hot 
iron  n  lugMourcwrlk  Woullnearuly  toolui   OOOOyitun 

010    Hit  toimt  ^t6Bo  t  11  lift  it  uenr  1»  Uu  nun  muni  Inu  P  boon  con 
iWcr*Ulv  rettrdtdbytbtwniiUno^phtio  and  thoioloio  being  atUaclLduoouL 
at  pvrrv  r*vttlkti4ont  U  will  it  l«t  IkU  mta  OIP  IUD  and  b&  a  ikth  mpply  of 
Ai<  1  fnr  whtt  iht  mfl  losfn  by  it*  oonttanl  orawrion  of  light    ID  like  roaiuioi 
ftW  tun  win  h  Itivt  lH)0n  grtdually  wtitod    mi/  bo  luppltod  vidi  (\OB|I 
(ut  I    ut  1  it  quirt  HOW  «nltii  lor  and  ptw  foi  new  ilui    Of  lhn  kind  arc  Ihow 
flxtd   ur<  wliitli  «t*piar  an  a  uidilon  and  ihino  willi  fl  woncloi  Ad  biighlnou  al 
hrt    nnd  aftprwdrl    \oniili  by  degree      Such  in  iho  conjotUut  of  Su  I 


.  1.    LI  1 

OB7    IiwuihnltfifinningofouraittloLhiaLimo  iiiipiobnblo  atcoidmgto 
thn  be  i  ttrtuni     Ihit  durt  luua  appowtd  »bout  JOO  tomoU     Bcfbro  Lbftt 
umi  ibout  100   Ihow  on  rocordtd  lo  h»vo  boon  non  but  it  IB  probable  thai 
not  tlmw  hilt  ofUiom  wtro  comttt   And  when  we  coiuidor  that  innny  olhtiB 
may  not  bav*  botn  perttivod  from  being  too  now  lh«  wnr-^om  appealing  m 
fttttn  being  (n  Uiu  olhcc  hamlapht  H*-flota  Miu  Wo  imall  lo  bo 
which  may  uot  have  been  «oo«W  wo  might  Imagine  On  wholo 
ooMdwiblygrottcri  butii  li  hkoly  ihalof  the  comtm  which 
wo  niot      I*  bft*.  beta  wa  tiie  wmo  may  have  appeared  wvornl  um«  and 
toacoiba  U»«  munbtr  m*y  b*  lw  thin  is  here  itaiod    llw  co.net  m  1780 
,Zb  ftr*«mtax*lon  Align*  1  wta  diwovopod  by  Mm  CAROLWI  Ibu 
ai   *  mSrrf  Dr  Hw&mn  »  «nco  that  Umo  eho  hw  difodvwod  thioo 


ON  mi-  Nvunr  ASU  ivtrn    t 


fUu        \  ilu  phiifl  iln  M  ik  I  ui  mi]  nut  in  i    p\      Hiliililum 
i  ulu>  I  h  \  I  till  (lu   ill  it    nl  i  tm  u  nm\  1  1     m;  ui   I       1  nit  it    \     (  „ 
<]im    iin  p  iim^  il   in  il  il<  ni  I  r  i  i  h  i     t      n>  U..^  i  inh     m      ult 
mil)  tf  I  r  I  i  him  i   uluih       null   I  (     ttt  ^    \)  t    t    /  «/   //,  ^ 
1  1  ken  1  1*   </    f    i  A-J  JMI  M  ii    N      ^    /   f    /  «#    /     /     i     t      , 
SH  II  1  Nt  ninin    /km  mm  turn  I  fat)  I  lit  ft    *  I   nvrvtlill      trk 
nuliichilic  niKinmmAuihjrli«  cxpUin   I  wiUtpr  4lcl  ui     jnlj    »    »  , 
ihtm.nun  of  tompuiHiK  Hit  orbiu  if  inmtu   «u  11  hm   i.  UK  ui  Lh   L  t 
U  Hovitu  and  M  di  la  PIAC.K 

Hio  lullowiug  FablN  ire  for  convening  Umt  into  Drt  mill  I  o  I)  u    ml 
Ur  in*  laiftbolio  Motion  of  Coinm 
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1.    ".,1 


,!•.•;.  :»:».  '.'0,7 
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,     >  ..«• 


H7.  .14.  20,7 
;Mi7*   »W*   Htt^'i 

ilt>7*  :)t*.  1C? 


I, 


r  *    »'<  * 


i. 


'*H*» 


»,  »v.j 


1. 


. 

N, 


iv. 


ll<»l<»» 


I*       |HfT 


:*l 


H»7.  Mil,  l»7 
H»7.  4O,  H,0 
ll>7,  M,  1.5,2 


I»i7,  M.  '^7,1 

IIJ7,  4K  «U,5 

|«7.  +5,  87,5 

1«7.  WJ.  42,1 

III}?.  >?.  4*1,4 


M»7.  4!».  5.'l,8j 
If}?.  50,  5«»,!>j 

.,.,,_.     «-j   I. 


n,:,  «v. 

!«*''.   1^, 


J^»HH»  M*T.   V  », 

'•jHiifi  i*.;,  w 
If/;,  "-'5. 


IVJ'? 

* 


., 
*'' 


.  5:1.     2, 
.  *4.     4f 
M»7.  55,     ,%{>' 


;5yKMX»|M»7.  5«. 
l^Huiwvijiii?.  5H, 

4.     (>. 


ltt,J 
1 1,1 
n,tf 


y  ,J-KH» 


H;H,  4,  0,2 

urn.  o.  2,7 

HIM.  7.  57,J> 

MiH,  i).  51,U 


'.»,* 


8,0 
8,2 
7,8 


*,« 


.1,5 


2,8 


'JI(UXX) 


20MCX) 
27(XH) 


«I7HCX> 


UHU(X) 


UMfXX) 


IttWX) 


1.        1,.' 

«,     i,»! 

0,4 


-'KWK) 


,'Jt<XX> 


— — *  I,    52,8|j 


Anomaly. 


1). 


H. 


(58.   U.  44,7 

OH.  i;j.  a«,4 

(iH.   1,5.  2fj,9 

iH.   17.  10,3 


08.  iy,  4,4 

08,  20.  51,5 

(58.  22.  ,'J7,5 

08.  24.  22,5 

08.  2(5.  0,4 
08.  27.  49,,') 
08.  2tt.  31,2 


108.  tf'2.  52,1 
108.  ,'H.  151,1 
108,  j»0.  i),l 
108.  97.  46,2 


Differ. 

M.       S. 


um.  ;jo.  22,4 

108.  40.  57,7 
108.  42.  32,1 
108.  44.  5,0 


108.  45.  38,3 
168.  47.  10,2 
108.  48.  41,3 
108.  50.  11,5 


108,  51.  -I0,{) 
I  OH.  5S.  !),5 
1(58.  54.  «7,3 
108.  50  4,4 

108.  57.  80,8 

108,  58.  50,4 

109,  0.  21, 
I.  45,4 


1.  51,7 
50,5 
49,3 

1.     48,2 

47,1 
40,0 
45,0 

1.     48,9 

42,9 
41,9 
40,0 

1.     40,6 

39,0 
S«,0 
37,1 

1,     30,2 

35,3 
34,4 
33,5 

I.  32,7 
31,0 


I.     29,4 

27^8 
27,1 

t.     20,4 
25,6 


24,1 


U 


(    -i/o    ) 
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THE  THIRD  TABLE  CONTINUED. 

Dtiyb. 

Anomaly. 

Diffei. 

Days. 

Anomaly. 

Diflci 

Days. 

Anomaly. 

Diflei 

D.         M.       ft 

M         S. 

I).       M.       S. 

M.       b. 

D.       M        & 

M.       S. 

32000 
32200 
32400 
32600 

69.     3.     8,9 
69.     4.  31,6 
C9.     5.  53,7 
69.     7-   15,0 

1.     22,7 
22,1 
21,3 

1.      20,7 

2O51 
19,4 

18,7 

1.      18,2 

17,5 
16,9 
16/2 

1.      15,7 

15,1 
14,5 

14,0 

1  .      1  3,4 

12,8 

I  2  S 

J.  *w,,3 

11,7 
1.     11,1 

10,7 
10,1 

Q  7 
j,  / 

K        9,1 

8,r> 

8,1 
7,6 

3.       7,1 

6,7 
6,1 

55- 

1  .         X  V 

38400 
38600 
38800 
09000 

169.  42.  18,2 
169.  43.  23,0 
169,  44.  27,3 
169.  45.  31,2 

1.        4,8 
4,3 
3,9 

1.        3,5 

3,1 
2,6 
2/2 

1.        1,7 

16,0 
16,0 

15,4 

1.      14,8 

14,1 
13,6 
12,9 

1        1  2,4 

11,8 

11/2 
10,7 

1.      10,1 

9,6 
9,0 

8,5 

1.       7,9 

7,4 
6,9 
6,5 

1.        5,9 

ss 

4,9 

4,£ 

i         A  n 

46000 
46250 
46500 
46750 

170    18.  44,5 
17O.   19    48,0 
170.  20.  51,0 
170.  21.  53,6 

1.        3,5 
3,0 
2,6 

1              o  O 

X  »               .*u,«c< 
1,7 

1,3 
O,9 

1  .        O,4 

59,6 
58,0 
56,4 

1.     54,8 

53,3 

51,8 
50,3 

1.     48,9 

47,6 
46,1 
44,8 

1.     43,5 

42/2 
41,0 
39,7 

1.     38,6 

37,4 
36,2 
3531 

1.     34,0 

32/J 
31,9 
30,8 

1.     29,8 

32800 
33000 

33200 
33400 

69.      8.   35,7 
69       9.   55,8 
69    11.   15,2 
69     12.  34J/J 

39200 
394OO 
39600 
39800 

169  46.  34,7 
169.  47-  37,8 
169*  48  40,4 
169.  49.  42,6 

47000 
47250 
47500 
47750 

170.   22    55,8 
170.   23.   57,5 
170.   24.  58,8 
170.  25.  59,7 

33600 
33800 
34000 
34200 

169.    13.  52,1 
169    15      9,6 
69    16    20,5 
199.   17.  42,7 

40000 
40250 
40500 
40750 

169,  50.  44,3 
169.  52.  0,9 
169.  53.  16,9 
169.  54.  32,3 

48000 
48500 
49000 
49500 

170.  27.     0,1 
170.  28.  59,7 
170.  30.  57,7 
170,  32.  54,1 

34400 
346CO 
31  BOO 
35000 

69.   18.  58,4 
169.   20    13,5 
169.  21.   28,0 
169.  22.    1/2,0 

41000 
41250 
43500 
41750 

169.  55.  47,1 
169.  57-  1,2 
169.  58  14,8 
169.  59  27,7 

50000 
50500 
51000 
51500 

170.   34.  48,9 
170.   36    42/2 
17O.   38    <U,0 
170.  40    21-,  3 

35200 
35400 
3  "600 
35800 

169.  23    55,4 
109.  25      8,2 
169.   26.  20,5 

169    27.   32,2 

42000 
42270 

42500 
42750 

170.  O.  40,  J 
170.  1  51,9 
170.  3.  3,1 
170.  4.  13,8 

52000 
52500 
53000 
53500 

170.  42.    13,2 
170.  44,     0,8 
170.  45.   46,9 
170.  47.   31,7 

38000 

36200 
36400 
36600 

169.  28.  43,3 
169.  29,  54,0 
169.  31.     4,1 
169.  32.   13,8 

i^OOO 
40250 

43500 
£3750 

170.  5  23,9 

170  6  33,5 
170.  7.  42,5 
170.  8.  51,0 

54000 
545OA 

55000 
55500 

170.  49.   15/2 

170    50.  57,4 
170.  52.  38,4 
170.  54.   18,1 

36800 
31000 
37200 
37400 

169.  33.  22,9 
169.  34.  31,5 
169.  35.  39,6 
169.  36.  47,2 

44000 
44250 
44500 
M'7,50 

170.  9,  58,9 
1  70  11  6,3 
170.  12  13,2 
170  13.  19,7 

56000 
56500 

57000 
57500 

170    55    56,7 
170.  57.   34,1 
170    59     10,3 
171.     0    45,4 

37600 
37POO 
38000 
38200 

169.  37.  54/3 
169,  39       1,0 
169.  40.     7,2 
169.  41.  12,9 

4500;  / 
45250 
45500 
4575C 

170  14,  25,6 
170.  15.  81,1 
170.  J6.  36,0 
1VO.  17.  40,5 

58000 
58500 
59000 
59500 

171.     2.    19,4 
171.     3    52,3 

171       5.   24/2 
171       6.  55,0 

i                                                    "'" 
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THE  THIRD  TABLE  CONTINUED. 

Days. 

Anomal}  . 

Diffci  1 

Days. 

Anomaly. 

Differ. 

Days. 

Anomaly. 

Diffei. 

D   M   S 

M.   S 

D.  M.  S. 

M   S 

D.  M.  S 

M.   S, 

60000 
60500 
61000 
61500 

71.  8  24,8 
71.  9.  53,6 
71.  11.  21,4 
71  12.  48,3 

1.  28,8 
27,8 
26,9 

25,0 
24,1 

21,5 

20,6 
19,8 

1.  I*d 

18,2 
17,4 
10,6 

1»  15  9 

15,1 
14,1. 
IV 

10,9 
9,0 

7,1 
C,5 
5,9 

76000 
76500 
77000 
77500 

71.  48.  58,5 
71.  50.  3,3 
71.  51.  7,5 
71  52.  11,1 

1.   4,8 
4,2 
3,6 

1.   3,1 

2,5 
2,1 
1,5 

0,4 
0,0 
0.  59,5 

O.  59,0 
58^0 

0.  57, 

56,7 
56,1 
5,3,8 

O.  55, 

54, 
54, 
54, 

0.  53, 

92000 
92500 
93000 
93500 

172,  19.  27,5 
172.  20  17,7 
172.  21.  7,5 
172.  21.  56^9 

0.  50,2 

49,8 
49,4 

0.  49,1 

48,7 
48,5 
48,0 

0.  47?7 

47,4 
47,1 
46,8 

0.  46,4 

46,1 
45,8 
45,J 

0.  45,2 

1   26,0 
250 

2»,8 

1.  21,8 

20,7 

19,8 
18,8 

1.  178 

17,0 
16,0 

•  1.  14,3 

62000 
62500 
63OOO 
63500 

71.  14.  14,2 
71.  15.  39,2 
71.  17-  3,3 
71.  18  26,5 

78000 
78500 
79000 
79500 

171.  53.  14,2 
171.  54  16,7 
71.  55.  18,8 
171.  56  20,3 

94000 
94500 
95000 
95500 

172.  2S>.  46,0 
72.  23  <34,7 
72.  24  23,2 
72  25  11,2 

64OOO 
64500 
65000 
65500 

71  19.  48,8 
171.  21.  10,3 
71.  22,  30,9 
171.  23.  50,7 

80000 
80500 
81000 
81500 

171.  57  21,3 
171.  58  21,7 
171.  59.  21,7 
172.  0.  21,2 

96000 
96500 
97000 
97500 

72.  25.  58,9 
172  20.  46,3 
172.  27.  33,4 
172.  28.  20,2 

66000 
66500 
67000 
67500 

171.  25.  9,7 
71  26.  27,9 
171.  27.  45,3 
171.  29.  1,9 

820OO 
82500 
830OO 
83500 

172.  1.  2O,2 
172.  2  18,7 
172.  3.  16,7 
172.  4.  14,3 

98000 
98500 
99000 
99500 

172  29  66 
172.  29  52,7 
172.  30.  33,5 
172.  31.  24,0 

68000 
68500 
69000 
69500 

171  30  17,8 
171.  31.  32,9 
171-  32.  47,3 
171.  34.  1,0 

81OOO 
84500 
85000 
85500 

172.  5.  11,4 
172.  6.  8,1 
172.  7.  4,3 
172.  8.  0,1 

100000 
101000 
102000 
103000 

172.  32.  <),2 
172,  33  38,7 
172.  35  7,8 
172.  36.  34,1 

70000 
70500 
71OOO 
71500 

171.  35  14,0 
171.  36  26,3 
171.  37-  37,9 
171.  38  48,8 

80000 
86500 
87000 
8750C 

172.  8.  55,4 
172.  9.  50,3 
172.  10.  4t,8 
172.  11.  38,9 

104000 
105000 
106000 
107000 

172.  38.  0,1 
172.  39  25,1 
172.  40.  48,9 
172.  42  11,7 

72000 
72500 
73000 
7350C 

171.  39.  5931 
171.  41.  8,7 
171.  42.  I7,f 
171  43.  25,9 

88000 
88500 
89000 
89500 

172.  12  32,5 
172.  13.  25,7 
172.  14.  18,6 
172.  15.  11,0 

53, 
52, 
52, 

0.  52, 

51, 
51, 
5C),a 

r>   Kf~\  P, 

10800C 
109000 
11  0000 
11100C 

172  43.  33,5 
172  44.  54,2 
172.  46  14,0 
172  47.  32,8 

74000 
74500 
75000 
75500 

171.  44.  33,7 
171.  45.  40,8 
171-  46  47,3 
171.  47.  53,2 

90000 
90500 
91000 
9150 

172.  16.  3,1 
172.  16.  51«,7 
172.  17.  46,0 
172.  18.  36,9 

11200C 
11300C 
11400C 
11500C 

172.  48.  50,( 
172.  50.  7,f 
172  61.  23,6 
172.  52.  38,7 

1                 1-   J,- 

* 
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THE  THIRD  TABLE  CONTINUED 

Days. 

Anomaly, 

Diflbi 

Days 

Anonuiy. 

Diliei. 

Anomai). 

DilFci. 

j  w 

D.         M.       S. 

M.       S 

1).       M.       b. 

M.       S. 

m},, 

D           M.       S 

M          S 

116000 
117000 

172.   53.   53,0 
172,   55.     6,4 

1.      13,4 
1  *2  ( 

144000 
145000 

173    23.  59,0 
173.   24.  34,1 

0.     55,1 

FA      r 

172000 
1750K) 

173.   46.   55,5 
173.   47     17,() 

0.      43,5 

118000 

172.  56    19,0 

110 

146000 

173.   25.   28,6 

54,5 

f  A     f> 

i74000 

175    40       O,l 

43,1 

119000 

172,  57.  30,8 

11,8 
1        1O  9 

147000 

173.   26.  22,6 

54,0 

175000 

173.   48    42,9 

42,8 

120000 

172.   58    41,7 

1480OO 

175.   27     16,2 

r*  <">    i 

1  76000 

173    49    25/3 

0.     42,4 

121OOO 

172    59.  51,9 

0   ~ 

149000 

175    28.      9,3 

55,1 
r*  f\  r* 

177000 

173    50       7,3 

42,0 

122000 

173.      1.      1,3 

8/; 

1  5OOOO 

175    29       3,8 

[*  S\      f\ 

178000 

175.   50    49,0 

41,7 

123000 

173.     2.     9,9 

,t) 

1           7  <) 

151000 

175.   29    54,0 

52/2 
On   Q 

179000 

175    51     50,3 

41,3 

1  24000 

173.     3.    17,8 

1  52000 

173    30.  45,8 

•           <J  I  ,  0 

180000 

173.   52     1  1  5 

0.     41,0 

125000 
126000 
127000 

173.     4.  25,1 
173.     5.   31,5 
173.     6.  37/3 

6,4 

5,8 

153000 
154000 
155000 

173.   31.   36,8 
175.   32    27,6 
173.   33     17,9 

5  1,O 
50,8 
50,3 

OA  O   O 

181000 
182000 
1  83000 

173.  52.    52,0 
173    53.  32,1 

173.   51-     12,5 

40,7 

40,4 
40,1 

128OOO 

173.     7.  42,4 

1.        *->,! 

156000 

173.   34.     7,8 

*L<y,y 

1  84000 

173.   54    52  5 

0.      59,8 

129000 

173.     8.  46,7 

4,3 

157000 

173     34.  57/3 

49,5 

185000 

175.   55    51,9 

59,6 

130000 

173.     9    50,5 

*>,8 

1  58000 

175    55    46/3 

49,0 

186000 

1  75.    50     J  1  2 

59,3 

131000 

173.    10.  5V> 

1         °  4 

1  59000 

17  '3    36     54,9 

48,6 

OA  Q    O 

187000 

175.    56    50,5 

59,1 

1  32000 

173,    11     56,0 

1    O 

1  60000 

175.   57     25/2 

.         ^0,0 

188000 

175     57.   29/2 

0.      58,9 

133000 

173.    12.  57,9 

In 

161000 

175.   38.    11,1 

47,9 

189000 

175    58       7,7 

58,5 

134000 
135000 

173.    13.  59,0 
173.   14.  59,5 

,1 
0,5 

I           O  1 

1  620OO 
163000 

175.   58    58,7 
175.   59.   45,9 

47,6 
47/2 

OA  C\   ^7 

1  90000 
191000 

73    58    46,() 
175.  59.   24,  i 

38,3 
38,1 

136000 
137000 
138000 

173.   15.  59,6 
173     16.  59,0 
173,    17.  57,8 

0.      59,4 
58,8 

1  64CXX) 
165000 
166000 

173    40    32,6 
173.  41.    19,0 
173.  42.     5,0 

*      'Jbu,  i 

46,4 
46,0 

192000 
193000 
1  94000 

1  74.     0       1  /) 
174.     ()    39,1 
1  74.     1  .    166 

0       37,8 

37,5 
37/2 

139000 

173.   18.  56,0 

0        57  7 

167000 

173.  42.  50,6 

45,6 

OA.  r*    o 

195000 

74       J.    55,6 

37,0 

140000 
141OOO 
142000 
143000 

73.   19.  53,7 
^73.  20.  50,8 
8  ',3.  21.  47,4 
173.   22.  43,5 

\j»      «j  /  ,  / 

57,1 
56,6 
56,1 

168000 
1  69000 
1  70000 
171000 

173.    13    55,9 
173    44    20,8 
173    45.      5,4 
173    45.  49,6 

x  j  ,  O 

44,9 
44,6 

44/2 

196000 
197000 
198000 
1  99000 

74      2.   50,5 
74.     3.      6,8 
174.      3.  45,1 
174.     4     19,1 

0.     36,7 

36,5 
56,5 
36,0 

0.     55,5 

0.     43,9 

0.     35,7 

200000 

1  74.      4    54,8 

TABLE  IV. 
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IHE 


ABSCISSAS   AND  CORRESPONDING  ORDINATES  OF  A  PARABOLA; 

r'SHl'l'I,    FOll    CONSTRUCTING    THAT    CURVE. 


Abscissa*. 

Old  mates 

Abscissae 

OidmatCb, 

Abscissa? 

Oidmates 

O,l  25 

0,70710 

18 

8,4853 

48 

13,8564 

0,25 

1,00000 

19 

8,7178 

49 

14,0000 

O,50 

1?4142J 

20 

8,9444 

50 

14,1422 

0,75 

1,73205 

21 

9,1651 

52 

14,4222 

1,00 

2,00000 

22 

9,3808 

56 

14,9666 

1,5 

2,44950 

23 

9,5916 

60 

15,4920 

2,0 

2,82843 

24 

9,7979 

64 

16,0000 

2,5 

3,16225 

25 

10,0000 

68 

16,4924 

3,0 

3,46410 

26 

10,198O 

72 

16,9706 

3,5 

3,74165 

27 

1O,3923 

76 

17,4356 

4,0 

4,00000 

28 

10,5830 

80 

17,8888 

4,5 

4,24265 

29 

10,77O3 

81 

18,0000 

5,O 

4,47210 

30 

10,9545 

84 

18,3302 

5,5 

4,69040 

31 

11,1355 

88 

18,7616 

0,O 

4,89900 

32 

11,3138 

92 

19,1832 

6,5 

5,09900 

33 

11,4891 

96 

19,5958 

7,0 

5,29170 

34 

11,6619 

100 

20,0000 

7,5 

5,47725 

35 

11,8322 

104 

20,3960 

8,O 

5,65690 

36 

12,0000 

108 

20,7846 

8,5 

5,83095 

37 

12,1655 

112 

21,1660 

9,0 

6,00000 

38 

12,3288 

116 

21,5406 

9,5 

6,16400 

39 

12,4900 

120 

21,9090 

10,0 

6,3245 

4O 

12,6490 

121 

22,0000 

11 

6,6332 

41 

12,8062 

124 

22,2710 

12 

6,9282 

42 

12,9615 

128 

22,6276 

13 

7,2111 

43 

13,1149 

132 

22,9782 

14 

7,4833 

44 

13,2664 

136 

23,3238 

15 

7,7460 

45 

13,4164 

140 

23,6644 

16 

8,0000 

46 

13,5647 

144 

24,0000 

17 

8,2462 

47 

13,7113 

•*•  l 
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EXPLANATION  AND  USE  01?  THD  TABLES, 


EXPLANATION  AND  USE  OF  THE  TABLES 

TVBLI  I,  is  foi  the  icduction  of  houis,  minutes  and  seconds  of  time,  into  dc- 
tJtnil  paits  of  a  day 

Hun    Find,  in  the  column  of  time,  the  homs,  minutes  and  seconds  given, 
and  opposite  to  each  is  the  couesponchng  decimal,  the  sum  of  which  is  the  d<? 
c  nn  d  fi  action  icquiicd 


FA    Requued  the  deeun  il  of  a  day  of  17/J  27'  41' 

17  horns        .        „        .        ,  -        0,708303 

'27  minutes        -                     -  0,018750 

14  seconds        -  0,000509 

Sum   Decimal  oi  17A  27'  41'  •         0,727592 


TABLE  II3  is  foi  the  icduction  of  decimal  paits  of  a  day,  into  hows,  minutes 
ind  seconds 

liuii    Intel  the  Tible  'with  the  fust  h^uie  to  the  left  hind  of  thcgivendc- 
imnil,  ind  take  out  its  value   in  houis,  &c      Repeat  the  same  opciation  with 
the  second,  thud,  ind  the  icst  ol  the  ficjmcs,  uid  the  bum  of  the  times,  so  taken 
horn  the  Table,  is  the  viluc  oi  the  decimal  icquucd 


I<A    Ilcquued  the  value  in  time  of  0,727592  of  a  day 


0,7 

0,02 

0,007 

0,0005 

0,00009 

0,000002 

Sum      Value  of  0,727592 


II  M  S 

16  48   O 
0  28  48 

0  10   4,8 

0   0  43,2 
0  0   7,776 

O  0  O,173 

17  27  43,949 


r  \HANATION  AND  Usr   or  THE  TABW1, 

TABIT  III,  of  the  motion  of  cornets  in  i  puabolic  oibit,  was  fust  published 
by  Di  HMIL\,  uul  since  uigmtnted  by  M  dc  la  CAILLE,  M  dehL\NDi< 
and  SciiuT/i  of  Balm  M  PINGRL  iccomputcd  and  extruded  the  whole, 
so  is  to  mike  it  much  moie  complcic  thin  my  bcfoie  pmlibhcd  .And 
litcly,  M  dc  L\MBKI  ,  whose  ibihties  is  a  Cilculatoi  aic  well  known,  has 
iccomputed  the  whole  I  ible  to  decimals  ol  seconds,  and  still  futhei  tnlarg 

cd  it 

r!lK»  peiihehon  distuice  of  xny  comet,  and  the  time  of  its  passage  thiougli 
the  peiihehon  beinq  i>ivcn,  to  hnd  tt>  tine  momily,  01  int>ulu  distance  fiom 
tlu  pcnhchoiijloi  any  i>iveiiiime  beloic  01  ULCL  the  pciiluhou 

Ruir  To  the  loguilhm  of  tho  peiihehon  distincc  ol  the  comet,  add  its 
Inlf,  subti  ic  t  llie  sum  ii oni  Ihe  lo^ajithm  oi  the  tune  clipscd  (cxpies&cd  in 
diys)  between  tlu  i',ivcn  tune  and  the  inivil  ol  tlie  comet  at  its  peiihehon, 
and  the  icniundu  will  be  the  loguithm  of  A  numbci  oi  dtys,  find  this 
mnnbei  in  the  lablc  of  the  pu  iboli,  ind  opi>osite  to  it  is  the  uionuly  souglit 
If  the  given  numbci  be  not  in  the  Table,  a  simple  piopoition  will  give  the 
anom  ily 

If  the  chaiactciistic  of  the  logmthra  of  the  peiihehon  thsUineebc  9,  8,  01  *7, 
in  taking  its  half,  it  mubtbe  supposed  10, 18,  01  17 

Ev  Tho  loQiiitlimof  the  pcuhchon  disiancc  of  tlie  comet  m  1769  wa? 
930b86320,  ucoidiug  to  LULI  u  What  was  its  anomaly  at  50  dayb  bcfoac  01 
«iftei  its  peiihehon  ? 

Log    of  peiihehon  distance            -            *        9,0880320 
Itshilf 9,54*8160 


Then  sum        -                                               »        8,0020480 
Log  of  50  days 1,0985700 


Remundci         ..«*-*        3,0656220 


Which  is  the  logauthm  of  1164,185  days  Seeking  this  numbei  m  the 
Tible  of  the  paiaboh,  u  is  not  found  theic,  but  foi  1160  days  the  anomaly 
is  145°  16'  49',  and  foi  1165  days  the  anomaly  is  145°  20'  7",  hence  the 
diflciencc  foi  5  days  ib  3'  18",  theiefoic,  as  5  days  4,185  days  3'  18" 
2  46",  which  must  bt  added  to  145°  16'  49",  the  anomaly  foi  1160  days,  and 
the  burn  145°  19'  35 'is  the  tmc  anomaly  foi  Z  164,185  days  in  the  Table,  01 
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^  PLANATiOW   AND   USE    01    THE 

for  50  actual  clays  befoic  or  aftci  the  }   s^nge  of  the  cornel  Lhiough  the  pen- 
hdion 

I'  ^e  ti  uc  ^nox^ialy  of  a  co  net,  foi  any  instant,  be  c»n  en,  and  the  lime  ela^si  d 
bs L ween  tint  and  the  passage  though  the  penhclion  bo  lequued,  it  may  bo 
found  fiom  t1  e  same  1  iblc 

RUT  r    Seek  in  the  Table  the  g  ven  anom  ily,  and  find  the  time  coi  i  c  ponding 
to  it,  tal  ing,  if  necessiiy,  piopoitional  parts    rio  the  log  13 it hm  of  the pt  nhdio  i 
distance,  add  its  half,  and  tbc  logaiithtn  of  the  diys  found  in  the  Tibk  ,  then 
sum  is  the  logaiitlim  of  the  time  elapsed  between  the  comet's  pis  sing  the  pen 
hehon,  and  its  anival  at  the  gnen  anomily 

Ex  Given  the  anomaly  of  Di  HAULMS  comet  of  1759,  64°  36'  37",  t/, 
find  the  time  it  took  to  dcsciibe  tint  angle  fiom  the  pciihehon  ,  the  lo- 
gaufchm  of  its  perihelion  distance  being  9,766035,  iccoiding  to  M  dc  1 1 
CAILLE 

The  given  anomaly  is  not  in  the  Table  ,  tbe  two  nca  cst  are  64°  29  47', 
and  64°  40  28"  Hie  fust  inswci*  io  58,75  diys,  md  the  othci  to  59,0  ch}s 
The  difFcience  of  the  given  ano  naly  fiom  the  fust  of  these  t\\o  tabulai  ones  i-> 
6'  50",  oi  410" ,  the  diffeiencc  ol  the  tibulu  mnomahes  is  IO'  4l"9  01  601",  and 
the  difference  of  tunes  is  0,25  days  ,  hence,  64 1  410  0,25  0,15991,  \\lnch 
must  thciefoie  be  added  to  the  tibulu  time  58,75  dijs,  insxvtnn^  to  the 
tmomaly  64°  29'  47',  and  the  sum  58,90991  d>ys,  will  be  *hc  tabuhi  time 
answeung  to  the  given  anomaly  Now  the 

Log aiithm  of  58,90991         -  -  -         1,770183</ 

Logarithm  of  peiihehon  distance        -         -        9,76603  AJ 
Half  loganthm  ol  pcuheliou  distance  -        9,8830165 


Sum        «...          .          -  1,4192378 


Whose  num'bei  is  26,25656,  the  number  of  cliys  that  the  comet  will  employ 
in  describing  the  angle  of  64°   36'  37'  on  cithei  side  of  the  penhclion 

This  geneial  Table  will  be  sumcicnt  in  all  cases  to  deteimme  the  tnie  ano- 
maly fiom  the  time  given  ,  but  it  will  not  be  cquilly  accm  itc  foi   finding  tin 
time  from  the  anomaly,  foi  at  consideiable  distances  fiom  the  penhclion,  uiois 
will  aiise     The  following  little  Table  shows  how  fai  the  Table  miy  be  used 
without  mcuiimg  an  enoi  gieatei  than  30  seconds  of  time 


EXPLANATION  AND-  USE   0*  TKC  TABLES. 

Pcuhdion  Anomalies 

distance  D 

0,25  13° 

0,50  118 

0,80  loa 

1,00  90 

1,20  8° 

1,50  65 

2,00  50 

Beyond  these  inomahcs,  comets  of  the  lespcctive  peiihehon  distances  aij 
seldom  visible,  and  foi  comets  of  a  less  peiihehon  distance,  the  limits  extend 
propoitionably  fuithei  Indeed,  except  when  extieme  accmacy  is  lequaed 
this  Table  may  be  used  fai  beyond  the  limits  heic  piesciibed  ,  and  if  the  ut^ 
most  piecision  be  necessaiy,  the  following  Rule  will  give  the  time  ^fiee  from 
cuor,  in  all  cases  The  demonstiation  will  be  found  in  PINGRE,  Yol  lu 
page  339 

RULE  To  the  log  tangent  of  half  the  given  anomaly,  add  the  constant  lo- 
garithm 1,9149328  ,  and  to  tuple  the  log  tangent  of  half  the  anomaly,  add 
theconstantlogaiilhm  1,4378116,  hnd  the  numbeis  to  these  loganthms,  and 
add  them  together  To  the  logaiithm  of  the  sum,  add  1  of  the  logarithm  of 
the  perihelion  distance  of  the  comet,  and  the  sum  will  be  the  loganthin  of  the 
days  fiom  the  peiihehon 

Ex   Requued  the  time  fiom  the  peiihehon,  answeimg  to  144°  38'  28"  of 
anomaly  loi  the  comet  of  1769  ,  its  penhehon  distance  being  9,0856320 


484 


EXPLANATION  AND  USE  or   ril£ 


Tang  J-  inomaly 
Constant 

Sum        - 

Triple  tang  J  anomaly 
Constant 

Sum      - 

Log  of  sum  of  numbei  s 
Penhelion  distance  ' 


Logirithms 
0,4965560 
1,9149328 


Log  of  chys  fiom  the  peiihelion       1,6759702 


2,4114888     ,.     .     25792225 


1,4896680 
1,4378116 

2,9274796 

3,0430222 
8,6322480 


840,2127* 


-   H01,l  'j 


Hence,  the  time  fiom  the  pcnhelion  is  47,421  diys 

In  the  following  Table,  the  numbeis,  denoted  by  the/,,,,,  m  the  fi,,t  co 
lumn,  show  the  s,me  comets  with  those  of  the 
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THE  ELEMENTS  OF  EIGHTY  SIX  COMETS, 

WHICH  HAVE  BEEN  OBSERVED  AND  CAI  CULATED  TO  1811 

U 

P  iss  igc  thi  ough  the 

I  on'jitudf  of 

Inclination 

Plac, 

Puih  lion 

Audioi 

ci 

3        L>rf 

3   'N 

pciihcliun,  me  in  time  it 

ic  Ascending 

of 

of  the 

c  ist  mce 

vho  Luc 

of   the 

U      P3 

Giccnwich 

Nod" 

the  Oibit 

Puihehon 

th  i  til  ll  e 

Motion 

c  ilcul  ue  J 

Comets 

i  ° 

Sun 

the 

n 

DAIS                  II     M      S 

s       D      M       S 

D      M 

S      D       M       t, 

being  1 

Oibitb 

I 

S37 

1  Much 

6  26  33     0 

10    01   12° 

9  19     3     0 

05b 

Petio^i  ide 

PIN&RL' 

II 

I'-Ml 

JOJanu-uy        7  12  40 

0  13  ^0     0 

650 

4   14  48     0 

0.917S 

Duect 

Pi  «  nt, 

III 

1264 

6  July             7   50  10 

5   19     0     0 

36     30      0 

9  21     0     0 

0,11; 

Dnect 

DUN  nioiiM 

17  Tuly             6     0  40 

5  2S  45     0 

30     25      0 

9     5   15     0 

0110S1 

Dllect 

Plb  viHl  ' 

IV 

1299 

31  Much          7  2o  10 

3  17     b     0 

>S     67      0 

0     3   20     0 

0,J179 

Retio^i  idt 

PlNCll' 

V 

1  301 

22  O(  t  (  ibout) 

0  15  (ibouti 

70  (  ibout) 

9    01    10' 

0,157 

R  tio^i  uk  PI<JC  JIL' 

VI 

L^  3/ 

2  Tune             6  24  40 

2  2<    21     0 

J2    11       0 

1     7    59     0 

0  10666 

Rcuo  i  ide  H-um 

1  Fune            0  30  40 

2     6  22     0 

32    11       0 

0  20     0     0 

0,6115 

PINCH' 

49 

1456 

S  Tune           22     0  40 

1    Ib   30     0 

7     56      0 

0100 

0,^55 

Rctioni-uL 

PlNCI  1 

VII 

147- 

2>Icbm-ny    22  2"  10 

911    16  20 

5    20      0 

1  15   33   JO 

0,54273 

Retioi  i  uk  H\L/n 

49 

15.1 

21  August      21    17   10 

1    19  25     0 

7    56      0 

0     1   39     0 

0,50700 

Retio^i  ide  II  ULF\ 

19 

15/2 

19  Oetobci     22   11  40 

2  L'O  27     0 

J2      ,6      0 

3  21     7     0 

0,50910 

Diieet 

II    I1T\ 

VIII 

15  »J 

16  I  urn           19  29  10 

4     5  41     0 

>5    49      0 

4   27   16     0 

0,-OJS 

1  cuocn  dc 

Douwi. 

3 

1  j'j6 

21  Amil         20    2   10 

5  2>  42     0 

12       6     X) 

9     S   50     0 

0,16390 

Duect 

H   u 

IX 

1577 

26  Oetobei  -  IS   11  40 

0  <>>  52     0 

"1     32    4  r 

1     9  22     0 

0,18;  12 

Ri  i  oy  ici 

II\nr\ 

X 

15rfO 

2S  Novembei   lf>  41    '0 

0  19     7  37 

il     51     50 

i   19   11    55 

0,j9'5J 

Duect 

!5I\OHI  ' 

XI 

15V2 

7Miy 

7     5    01  21 

59,  01    61 

i  5,  01  9    11 

0,2,oi  001 

11  tiocrnJe 

PlNC  1  1  ' 

XII 

I5sr 

7Ott  N  S    19  19  49 

1     7  42    JO 

6      4       0 

0     S   51     0 

!,()>,»* 

DIICCL 

II  \i  1  1 

X1I1 

159( 

S  1  cb  N  S      3   11   10 

5  15  JO  "0 

29    40     10 

7     6   51     0 

0,57%! 

Rttioj))  idt 

HVIIIA 

XIV 

1593 

IS  TulyN  S    H    JH  <0 

5  11    15     0 

87     5S      0 

5  2o   19    0 

O.OS91  1 

Jhnct 

De  1  1  C  ULLL 

XV 

1  59( 

S  August       15    )  >   U) 

10  15    i6  50 

52      91; 

7  2b   30  50 

0,519115 

Jletiooi  ide 

I'l  *C  111  ' 

49 

1607 

26  Oetobei         3  49  40 

1   20  21     0 

17      2      0 

10     2  1G     0 

0  5S6SO 

kelio^i  ide 

11  VIJ11 

XVI 

161ft 

17  August        3     2  40 

9  23  25     0 

21     28      0 

10   18  20    0 

0  >129S 

DucCt 

Pi  on 

XVII 

1(18 

S  Novembei   12  22  40 

2  16     1     0 

37     31      0 

0     2   11     0 

0,37977 

Dnect 

H  \  1  I  IA 

xvii  r 

165'- 

I  'Novimbci  15  39  40 

2  2S  10     0 

79    23      0 

0  2S   IS  40 

0,81750 

Duect 

F  u  1  1  \ 

XIX 

1001 

20  Jmuny      23  40  40 

2  22    30  30 

32     ',5     50 

3  05   ijs  40 

0,41^51 

DlHCt 

il  vn  i\ 

XX 

JO'  1 

I  Dccembci   11    51   40 

2  21   14     0 

21     18     30 

1    10  11    25 

102;/5, 

Retio  M  nil 

il\in  > 

XXI 

166r 

Jl  Apul            5  11  40 

7  IS     2     0 

,6       5      0 

2  11    51    JO 

0,10619 

ll'tlOri    dc 

Hv;   i 

XXII 

16,1. 

1  Mueh           S    iO  4( 

9  27    30  30 

V3     22     ]0 

1    K)   *)  *X) 

0697  9 

DIM  et 

I  M  11 

XXIII 

1677 

OMiy             0  06   K 

7  20  49  10 

79       ,     10 

1    17    >l     5 

02SOW 

Rtt|p  i  dc 

Hun 

XXIV 

I67b 

-»(>  Aut,mst       11     2  10 

5   11  40     0 

0       I     20 

10  27    16     0 

l,°  iM()l 

Duect 

Dou\\ 

x\v 

I6b< 

If  Dccembu     0     1      i, 

9     1    57   13 

61     22    55 

b  SJJ   10  10 

0,0(X)0  30 

Duecu 

PtNf] 

49 

10C- 

V  beptLmbci     7  3S   1( 

1   21   16  SO 

17     56      0 

10     2    >2  15 

0.5S  i'_b 

R  Lio,i  idc 

IT  MI  iv 

XXVI 

10S 

1  3  Tuly              2  4-9   K 

5  23  21     0 

S,     11       ( 

2  25  29    ;0 

0,  )0020 

Pctio  i  dL 

U    uiv 

XXVII 

16^  ( 

*  lune            10   10    K 

b  LS   1  >     0 

65     Ib     40 

7  2S    52    0 

0  900]  5 

Duect 

Hum 

XXVIII 

1686 

16  September  11    J<2   K 

11  20  ol  40 

jl     21     10 

0  17     0  JO 

0  iJliW 

Dieet 

H  M  1  I  \ 

XXIX 

16b< 

1  Deccmbci   11   55   K 

10  23  4  >  90 

69    17      0 

S  23  11    15 

0,016S39 

Retio  i  d 

Pi    GUI' 

XXX 

1698 

IS  Oetobei       16    >o    i( 

ft  27  41   15 

11     46      0 

9     0  51   15 

0691°9 

RctlO  r\  id  i 

H\ni\ 

XX  £1 

I69f 

I  ;  Tinuuy        S  22   K 

H)  'Jl   45    35 

69    20      0 

7     2    A     6 

0,751  ,*> 

Rctioy  idc 

Dc  1  1  CAII  i  r 

XXXII 

1701 

13  Much        11   12  4f 

6     9  25  15 

4     3t>      0 

1   Ib    11     3 

06K90 

Diiect 

De  1  1  CAII  LL 

XXXIII 

L70f 

K)  Tinuiiy         1  55  4C 

0  13  11   23 

55     14       5 

2  12    .6  25 

0,  i  A>ft65 

Dnect 

sinuicK 

xxyiv 

1707 

11  Dcccmbei  2&  43  27 

1   <2%  50  29 

&b     37     10 

2  19  58     9 

0,  i  >90  1 

Duect 

Sumcr 

XXXV 

1718 

15  Tanuiiy        1    15  K 

1     7  55  20 

31     12    5 

1     12>    36 

1,0  '(,3 

Ritio^i  ide 

Doi  v  s 

XXXVI 

1/2 

27  Septcmbei   16  10   K 

0  H   16     0 

19     59      ( 

1    12  V  20 

()  £)Qt  (.,3 

K    tlOt,!  idt 

Jbi  VDI  r\ 

XXXVII 

172 

25  Tune            11     6  4fl 

K)  10  V2    >7 

79     58      * 

10  22   10     0 

l/'Ol  10 

Dacct 

Dt  li  C  ILII 

2J  Tune             (     36     L 

10  H)    >>  15 

/7      ]     5 

10  22  10   53 

V*o  lv> 

D(UAvl 

XXXV1IT 

T7V7 

30  T  nuuy         b  LO  40 

7  10  22     0 

Ib    20     <5 

10  2"   5j     0 

0  2"  4  2 

Duect 

lii  \LII  r^ 

XXXIX 

17  / 

17  Tune             9  59  10 

6  27  25  I1 

05    4"     H 

3  12     S   "0 

0  .7i>S 

RetiO,i  idt 

Di  h  CAII  LI 

XL 

1/1- 

&  Fcbiiniy      4    ?8   K 

6     5  3->  °9 

06     *9     1  i 

7     7    35   H 

0,76  56  S 

Retio^i  idi 

Dt  h  C  AH  ii 

ft  lebiuary      4   21    10 

6     5    A  "5 

67      4     ] 

7     7  3,   1* 

07nf>555 

P  r  ti  01  i  idc 

>  i  r  in  (  K 

XLI 

17" 

10  Tinmiy      20  2j  40 

2     S  21   15 

*    19    '/ 

3     2  -<]    V) 

0  t  J501 

Dnect 

Dc  h  C  IT  1  1 

10  hnuuy      21    15  37 

2     8  10  48 

2     15    50 

3     2   5S     i 

03b'j  115 

SiruicK 

XIII 

174 

20  Septcmbei  21    16   11 

0     h  16  25 

15    4b    <?( 

M     6    33  5r> 

0,52157 

R(  ti  o"i  1  1c 

KLIN  vTNBrUG 

XLIII 

1741 

1  Much          8  17     ( 

1    15  45  20 

17      8      C 

6  17  12  55 

9/225:06 

Dneet 

J3ns 

436     ) 


THE  ELEMENTS  OF  EIGHTY  SIX  COMETS, 

WHICH  HAVE  BEEN  OBSERVED  AND  CALCULATED  TO  1811 

Older 

» 

Passage  thiough  the 

Longitude  of 

Inclination 

Phce 

Pcnhehon 

Authoi 

-d  ^ 

peiihchon,  mean  time  at 

the  Ascending 

of 

of  the 

distmcc 

\v  ho    have 

of   the 

~J  W 

Gieemvich 

Node 

the  Orbit 

Pel  ihchon 

th  it   of    the 

Mouion 

c  iLu!  itcd 

Comets 

%  2, 

C"D 

Sun 

the 

DAxS                   II      M      fe 

S       D       M      S 

D       M          S 

S       D       M        & 

being  1 

Dibit 

XI  IV 
XLV 

1746 
1748 

3  Mai    1717,  7  10  40 
28  April          19  35  25 

4   27   18  50 

7  22  52  16 

79      6     20 

85    26     57 

9720 
7     5     0    50 

2  19851 
0,S4067 

Reti  ograde 
Rcti  ogradt 

Dt  J  i  CAirti 
MA  RAJ  ot 

XLVI 

1748 

18  June              1    23   40 

1     4   39  43 

56    59       5 

969   21 

0,65525 

Dncct 

Suimcic 

XLVII 

1757 

21  Octobci         9  46   40 

7440 

12    4S       0 

4     2  49     0 

03^80 

Dnect 

Pi  \CIIL 

XLVIII 

1750 

1  1  June               3    17  40 

7  20  50     0 

68    19       0 

8  27  38     0 

0  21  5  55 

Dn  ect 

Pl\C  Rl 

XLIX 

1759 

12  Much        13   31    40 

1    23  49     0 

17    39       0 

10     3   16      0 

0,58349 

Rtti  orn  adc 

DC  h  CAI'II 

12  Mitch        1J    50     4 

1   23  45    35 

17    40     14 

10     3     8    10 

0  58190 

O 

DC    1  I    I  ANBL 

12  Match  -     12  ^S   16 

1    23  49  21 

17    35     20 

10     i  16    20 

0,5S360 

MARAJ  x>i 

I 

1760 

27  Nov  1759,  0     2  37 

4    19  39  41 

79      6     38 

1   2?    M    19 

0,*-OU9 

Dnect 

PlNC  HI 

LI 

LII* 

1760 
1762 

16  Dec  1759,21      J  40 
28  May      -     15   17  40 

2   19   50  45 
11    19  20     0 

4    51     J2 
84    45       0 

4    18  24    35 
3   15  15      0 

0,96599 
I  0124 

Retrograde 
Direct 

DC  1  1  CAIUT 

DC    1  1    I  ANDI 

28  May             6  51   29 

11    19     2  22 

85      3       2 

3   14   29    46 

1,009856 

Smm<  h. 

29  May      -       0   Ib   2S 

11    18  55  31 

85    22     21 

3   15  22   23 

1,01415 

M  \KAI  m 

Lin 

1763 

1  Novcmbei  19  43   18 

11   26  23  26 

72    40     40 

2  21  51    54 

0,49876 

Dnect 

PlNt  HI 

LIV 
LV 
LVI 

1761 
1766 
1766 

12Febiuaiy     13  42  16 
17rcbiuaiy       8  40  40 
J2Apnl         20  46  20 

4     0     4    33 
8     4<  10   oO 
2  14  22  50 

52    53      M 
40    50     20 
11      8       4 

0  15  11     52 
4  23   15    25 

8     2  17    53 

0,55522 
0,50533 
0,33274 

Rctiogiadc 
Retiogi  ade 
Dncct 

PlV(  HI 
PlNC  HI 

PTNC  ui 

LVII 

1769 

7  Octobei       12  20  40 

5  25     0  43 

40    37     33 

4   24     5    54 

0,12376 

Dncct 

De    1  I    1    VMJE 

7  October      13  36   53 

5   25    63; 

40    48     49 

1  21   11      7 

0  12'>72 

PuOSI  I  UtN 

LVIII 

1770 

14  August   -     0     1     4 

4   12  17     o 

1     11      30 

11    26  26    13 

0,676893 

Dnect 

PlN<Uj' 

1:3  August       12   55  40 

4    12     0     0 

1     33     40 

H   26   16    26 

0,671381 

Direct 

Lrxur 

LIX 
LX 

1771 
1771 

22  Nov  1770,   5  38    10 
ISApul     -     22     5     7 

3   18  42   10 
0  27  51     0 

31     23     55 
11     15     20 

6  2S  22    41 
3   1  3  28    15 

0  52821 
0,90576 

Ruiognde 
Dncct 

PiNC  Rl  ' 
PlNC  HI 

I  XI 

177J 

IS  Tcbiuny     20  41    15 

8   12    13      5 

18     59     40 

3   18     6    22 

1,01815 

Dncct 

De  1  1  i  AM)Ji. 

LXII 

1773 

5  Septembu    11     9   25 

4     1    15   37 

61     25     21 

2   15  35    45 

1,1339 

Dncct 

PINC  itr 

LXIII 

1774 

15  Augiibi       10  46   1; 

6     0  49  4o 

83      0     25 

10   17  22      4 

1,1286 

Dncct 

M:  c  n  \  JM 

LXIV 

1779 

4  Januaiy         2     2   40 

0  25     5    51 

32    24       0 

2  27   T3    11 

0,71312 

DllCCL 

Mrcn  UN 

4  Luiuaiy         2    15   10 

0  25     3   57 

32    25     30 

2  27   13    40 

0,7132 

Chcv  ti*j\NC(ii 

LXV 
LXVI 
LXVII 

Lxviri 

1/80 
1781 
1781 
1783 

30  bqptembci   18      3   30 
7  Taly             4-    32     0 
29  Novenibei  12  32  26 
1  5  No\  cmbei     541      j 

4     4     9   19 
2  23     0    38 
2   17   22   52 
1   21    13   50 

55    48       5 
81    43     26 
27    13       8 
53      9       9 

8     6  21     18 
7  29  11    25 
0  16      3    28 
1   15  24    46 

0,09925 
0,775861 
0,96101 
1,5653 

Retiogi  idc 
Dnect 
Rctiogride 
Dnect 

Mur  AIN 
MFC  IIAIN 

MitUUN 

Mi  <  u  xi  i 

LXIX 

1781 

21  Tuiuuy         4    47   40 

1    26  49  21 

51       9     12 

2  20  41    21 

0,707h6 

Retiognde 

Ml  (  HAIV 

LXX 
LXXI 
LXXII 
LXXIII 
LXXIV 
LXXV 
LXXVI 
LXXVII 
LXXVIII 
LXXIX 
LXXX 
LXXXI 

Lxxxir  \ 

LXXXIII 

LXXX1V 
.  LXXXV 
LXXXVI 

1784 
1785 
1785 
1786 
1787 
1788 
17^8 
1790 
1790 
1790 
1792 
179^ 

nii(.e  7 

1804 
1807 
1811 

9  Apul    -     21      7  26 
27  Jmtuuy         7   48    44 
8  Apul     -      8    5S   52 
7  July            21    bO    52 
10  May            19   4  S   40 
10  Novenibei     7   2j    40 
20  Novcmbei     9     i    25 
|17  Jan  ni  y 
28J-nuary         7   %    13 
Miy2lat    5  56  loPn 
Tra   13      13  41  15  Pu 
Dec   15    15  39    OPai 
Vivosell  13     8  18  Pat 
Nivose  i    21  40  TOPai 
Feb   13     14     6  16Bic 
bcp   18     20  55    32Pai 
bep   12       9  48     OGi 

2  26   52     9 
8  21    12  15 
2     4  33  36 
C   14   22  40 
3   16   51    ,6 
5     7  10  JS 
11   21  42  15 
5  22     0     0 
8  27     8  37 
1     3  11     2 
6   10  46  15 
11    13   23     0 
8     9  30  41 
I'O  26   19  11 
5  26  47   58 
8  26  33     1 
^  20  13     0 

47     50       S 
/()     11     12 
*7    .>!     54 
50    54     28 
48    15     51 
12    2S     20 
61    52     32 
29    31       0 
56    5S     13 
63     52    27 
•39     46    55 
'?()       3       0 
12    23     25 
77      1     3*- 
56    28    40 
63     11     n 
72     12      C 

10  28   54    57 
3   19  51    56 
9  27  <?9    33 
5     9  25    36 
0     7  44      9 
>     9     8    27 
0  23  12    22 
1    2b     0      0 
3  21    44    37 
9     3  45  27 
1     6  29  42 
5     7  37     0 
1     4   29  48 
6   JO  £0  12 
4   28  41  51 
9     1     6   53 
2  14   12 

0,650531 
1,143398 
0,427300 
0,41010 
OJ4<91 
1,06301 
0,766911 
0,75 

9  901  9S  14 
011160u4 
0,25S 
0,7796& 
0/2  580 
1  07117 
0  f  8769 
1,02241 

Retiogi  idc 
Dnect 
Rptionade 
Dnccti 
Rettogndc 
Retiogi  ide 
Direct 
Retiogi  adc 
Dnect 
Retiogi  idc 
Rctiot,!  idc 

Rctiogiade 
Dnect 
Dncct 
Retiogi  adc 

Chcv  ci'A  \co 

Mi  C  11A1  1 

Mi  c  n  MM 

Mrcn\iN 
P  de  SAUOM 
Mi  CIIAIV 

Ml  CHA.1N 

De  S  - 

Ml  <  II  4  IN 

Ml  CHAIN 

Mu  u\rv 

BOU\AHI> 

Bimcir  Mini 

Ml  C  II  \  IN 
BOUVA  UD 

M   Pi    Snrmi 
PURCI  n  Anns 

CHAP  xxvii. 

ON  HIE  I  ECU) 


CM-,   ALL  the  hcwcnly  bodies  beyond  oiu  system  aic  tilted  Filed 

s   l,cc  uisi  tluy  do  not  ippcai  to  have  any  piopei  motion  of  then  own,  ex. 

,  some  lu»,  wind.  will  be  mentioned  heieaftei      Rom  then  immense  dis- 

i     is  ai.w  v.  s  b>  AiUclc  524,  they  must  be  bodies  of  *  eiy  gieat  magnitude, 

,;ilt  iLij   coiilil  not  bo  visible  ,  and  when  we  con,idei  the  «  eakness  of 

Uu\  Imlu,  OKI,  cuibc  no  doubt  but  that  they  dime  with  then  <nra  light 

uo  CXSL  y  known  iom  the  planets,  by  then  twinkling     The  numbei  of 

s  vs,Wc  vl  once  to  the  naUd  eye  is  about  !OOO  ,  but  Di  Hm.c.i.L,  by  bis 

,  ^m  I  ol  1ho  iclleamg  tekscope.hascUscovexed  that  the  whole  numbei 

c  It  beyond  ill  conception     In  th  *  bught  tiaet  of  the  heavens  called  tlu 

l  Z  Lh  when  evimuied  by  good  telescopes,  appeals  to  be  an  ua- 


It  is  in  i  quutn  ol  ail  horn,  seen  116000  btais  p*s,  tioug    tho  field 

|>  is  in    qui  u  implo^emeiit  of  his  telescopes  has 

o  so     Cso  to  tLePiPPeu,  to  be  ,0  bound,  to  then 
U,e  eMcnt  ol  iheumvei*     lh»o  stais,  whieh  can  be  of  no  use 


'0    ,e  ecn  o 

£  ^rsr  SLnrjJSs  ^  ^  tota^  ry 

;  h    m  cu  on  y  "Sk  to  the  naked  eye,  aie  found  to  consist  of  two  thiee, 

K  h   ip  K  u  o  my       i,  obseived  .  Ilercubt,  to  be  a  double  stai  , 

moitslns     Di   M4?MIJ"1  ™  bc  double,  M  CAMOT,  Mi   MA.DR,  M,, 

n0HNSnvhUlfo,nuUJ  ^^^  discoveiics  of  tudikckind 

°  hich 


II       ofr  t  .-SoTed  ^scopes,  has  found  about  700,of  ,hich, 
o  riuIbcL  obseivedbefoie     We  shall  heie  give  an  account  of  a 

ofthcmoat  icm»ukil)lt 

7/«r«fts  FIAU  81,  vbevutiful  donbte  stai  ,  the  Ho  stais  veiy  unequal, 


J±:^r»3;ss.t2 

1  «,,  then  distance  .ppeais  equal  te  rft«  ^dumete   o 

,  Zy,<r,  FIAM  4  md  5,  a  double  double  sto  i^  at          g 

t%Tra^»^i^:^*'i"« 


ON    IHF    FIvED    SIAU& 


if 

smallest  mclmcJ  to  led      The  mlcivil  of  the  ,iu<>,  of  the  uncqml  set    i,  one 
dnmelci  of  the  hig^sf,  ^  uh  a  powci  of  227 

yAnchomcd,^  *LYM    57,  double,  vuy  unequal,  the  hi^st  leddish  whiu   Ui> 
smallest  a  fine  bnght  sky  blue,  inclining  to  giecn      A  vuy  be  miilul  olm  c  i 

*  U,sa  mmon^  FUM   i,  double,  veiy  uncqiul,  the  Ingest  white,  the  snull, 

£^t  1  CCl 


'  Wllltc'  bllt  tlucc  0 
'  VCIy  Uncqiu1'  Ial«Cbt  wl"tc>  an^Iest  dusk 


srain  dollblc 

Or,™,,  FLAM  39,  q.udu.plc,  o,  ,  ithei  a  double  s(  u,  ,ud  Ins  two  mo,e 

'  tlie  doublc 


fin        ute  '     c  -"S       ^c  ,y 

,  tho 


nlW        i  '  '  1U'1'     lC    llS"t  '     '«  l»'«iu.t  wluU    the 

aLest  duty  ,  lt  appear  with  a  PowC1  of  227      Bt   Iluiscm  i  ,„,  ,!,>,'  , 
diamcta  of  thu,  fine  stai,  and  found  U  to  be  (f,<iSSt  ' 


,       '  &c 

1789  nr,^  T^or      rp,      atu°t.ULSwmch  lie  his  given  us  m  the  Phil 
1782  and  1785       Hie  examination  of  doublc  slim  wiili    i  *nirt 
exceUentand  ,eodv  method  of  PC 


whetho   rtbe  n,  f    <1  g  *"  "  *  ]^CS  tiiJO"Sh  thc  ftdd  °<  wcw- 

^ 
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of  the  instalment,  and  theiefoie  will  not  be  deceived  when  you 
comt  tot  \imiw  the  double  btai 

701     II     /  RCD  be  the  eaith's  oibit,  and  its  diametei  AC  beai  a  sensible  pio-      TIG 
poitiou  to  the  distinct  As  of  a  neai  fixed  stai  5,  this  stai  will  appeal  m  di%i-      174 
uil   itu  it  ions  in  the  heivcns  when  the  caith  is  at  A  and  C,  and  it  will,  in  the 
couisc  ol  i  )  i  u,  ippcii  to  dcscnbe  a  cncle  abed,  01  in  ellipse,  accoiding  as  the 
phut  ol  <thtl  is  pcipcmhculai  01  oblique  to  the  axis  hsm,  01  accoiding  as  the 
st  u  is  in  01    out  oi  the  pok  of  the  ecliptic      The  angle  <tsC  is  called  the 
Annuttl  Ptnalltii  oi  the  stir 

70«    Di   Hi  i"tm  r  pioposes  to  find  the  annual  paiallax  of  the  fi  ted  sins  by 
obsuuim  ho\\  the  mole  between  two  stus,  veiv  neai  to  cich  othei,  vaiy  m  op- 
posite p  u  ts  oi  tht  yc  u      Thib  method  uas  suggested  by  GAL  LEO  in  his  &y\'e»' 
(  ;s    Dial    >       Hie  thcoiy  ib  Uuc,  if  you  admit  his  postulata,  vhichis,  th*t 
tin  st  us  ue  ill  oi  the  same  magnitude,  and  that  i  stu  of  the  second  inagm- 
t  tuh  is  double  the  dist  mcc  of  one  of  the  first,  and  so  on      But  we  have  no  lea- 
sou  vluttui   ioi   nuking  the  foimei  supposition,  and  if  we  leason  fiom  the 
bodies  111  oui  0*11  system,  inalogy  will  be  against  it,   and  m  lespect  to  the 
m  m  mimics,  the  in  uigcment  of  thatis  meiely  aibitiai)      We  will  howevei  ex- 
pi  im  the  method  m  the  most  simple  case       Let  A  and  y  be  two  stais  situated     FIG 
m  i  line  with  tht  t  nth  at  A,  and  peipendiculu  to  the  diametei  AB  of  the     175 
i  ulliN  oibU,  and  when  the  enth  is  at  B,  obseive  the  angle  ^y      Let  P^die 
umlt    /  1  It,  oi  the.  annual  p  uallax  of  *,  ^-the  angle  *BJ  found  fiom  obseua- 
M  mil  m   the  angles  unclei  which  the  diameteis  of  *  and  y  appeal,  and 
tolfc      Thenji    P    **    AB     *y    Ay    (because  M 


m  ,y  Ji)AT-»  AT,  hence,  P=fei  the  paiallax  of,  It  .  be  a 
stu  oi  tlu  iust  nugmtude,  md  jane  of  the  thud,  and^^l",  thenP.l"ion 
these  suDDOsitums  Sec  the  Phil  Tiaiis  1782 


his  time      We  have  no 


. 


3R 
VOJ     I 
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them  in  1668  Hie  stai  0  in  the  tui  of  the  Serpent,  leckoued  by  1  ICHO  of  the 
thud,  was  found,  by  htm,  of  the  fifth  magnitude  The  slai  e  in  Set pentartus 
did  not  appeal,  fiom  the  time  it  was  ob&eivcd  by  him,  till  1695  The  stai  4-  in 
the  /  ion,  altei  disappcaung,  was  seen  by  him  in  1667  He  obseived  also  that 
&  m  Medu  n's  Iluid  vincd  in  its  magnitude 

711  M    CASSINI  disco\eicd  one  new  stai  of  the  fouith,  and  two  of  the  fifth 
magnitude  in  Cawopea,  ilwfive  new  stais  m  the  same  constellation,  of  which 
thice  have  disappeaied ,  two  new  ones  in  the  beginning  of  the  constellation 
Endanw,  ol  the  fouith  and  fifth  magnitude  ,  inCL  Jour  new  ones  of  the  fifth  or 
sixth  magnitude,  ncai  the  noith  pole      He  fuithcr  obstived,  that  the  stai, 
placed  by  DAYI  u  neu  «r  of  the  Little  Bear,  is  no  longei  vrible ,  that  the  stai  A 
of  Andiomcda,  which  had  disappcucd,  hid  come  i  ilo  \icw  again  in  169$,  that 
m  the  sum,  consttll  ition,  instead  ol  one  in  the  Knee,  maikcd  «,  theie  aie  two 
othois  come  moic  noithcily ,  and  that  I  is  diminished,  tint  the  stai  placed  by 
TYCHO  at  the  end  of  the  Cham  oj  Andromeda,  as  of  the  fouith  magnitude, 
could  then  scaicely  be  been ,   ind  that  the  stai  which,  in  JTicno's  catalogue,  is 
the  twentieth  of  Ptt>cei>,  was  no  longei  visible 

712  M    MARALDI  obseived,  that  the  bin  *  m  the  It  ft  lej^  of  Sagiltaa  m\, 
maikcd  by  BAYIR  of  the  thud  magnitude,  appealed  of  the  sixth,  m  1671 ,  m 
1676  it  was  found  by  Di   HAILLY  to  be  of  the  thud  ,  in  1692  it  could  hudly 
be  pciccivcd,  but  m  1693  and  1694  it  wis  of  the  fouith  mionuudc      In  1704 
he  discoveied  a  stai  in  Hydra  to  be  periodical ,  its  position  is  in  a  nght  line  with 
thos'c  m  the  till  maikcd  w  and  7     The  time  between  its  gieitest  lnstie,  of  the 
fouith  magnitude,  was  about  two  yeais  ,  m  the  inteimediate  time  it  di.appeaicd 
In  J666,  Ilivmus  says  he  could  not  find  a  stai  of  the  fouith  magnitude  m  the 
eistein  scale  of  Libra,  obsuvcd  by  TYCIIO  and  BAIIR,  but  MARAIDI,  m  1709, 
says,  that  it  hid  then  been  seen  foi  15  yeais,  smaller  than  one  of  the  fouith 
See  Mem  d'AMon  pigc  57 

713  J  GOODRICKF,  E&q  his  detei  mined  the  penodic  vamtion  of  Algol,  ot 
pPcnci  (obseived  by  MONTANARI  to  be  vauable)  to  be  about  2rf   21A      Its 
gieatestbughtncssis  oi  the  second  magnitude,  and  least  of  the  fouith      It 
changes  liorn  the  bccond  to  the  foui  th  in  about  lluee  houis  and  a  half,  and  back 
again  in  the  same  time,  and  ictams  its  gieatest  bnghtness  for  the  othu  pait  of 
the  time      Sec  the   Phil    Trans    1783      In  the  Connoisscmce  des  'Jempi,  foi 
1792,  M  dela  LINDF  his  given  the  following  Tables  to  find  the  time  when  the 
bi  i"htness  is  the  least    I  Ime  i  educed  the  epochs  to  the  mci  idian  of  Gieenwich 
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TABLES  OF  THE  VARIATION  OF  ALGOL 


LPOCIIS 

'"  '                                        '                    r                                    

MLAN  MOTION  I  OR  MONTHS 

YEARS 

D        II         M 

MONTHS 

D         II         M 

1796  B 

1797 

1798 
1799 
1800  C 
1801 

2        7      38 
1       11       25 
0      15       12 
2      15      49 
1       19      36 
0      23      23 

Tammy 
Febiuaiy 
Much 
Apul 
Miy 
June 

000 
0      12       59 
1         5      10 
1       18         9 
0      10      19 
0      23       19 

1802 
1803 
1804  B 

0        3       10 
2        3      47 
0        7      34 

July 
August 
Septembei 

2       12       18 
0         4      28 
0      17      28 

Octobei 

2         6      27 

In  leap  year,  we  must  add  i  day  to  the 
calculation,  in  Januiry  -\nd  Fcbiu-uy 

Novembci 
Decembci 

2      19      27 
1       11       37 

MEAN  MOTION  TOR  YT  YR9 

_^ 
REVOLUTIONS 

YEARS 

D         II        M 

D          H         M          8 

1 

2        0      36 

1 

2       20      49         2 

2 

1         4      23 

2 

5       17      38        4 

3 

0        8       11 

3 

8       14       27         6 

4   B 

1         8      47 

4 

11       11       16         8 

5 

0      12      64 

5 

14         8         5       10 

6 

2      13       10 

6 

17         4       54      12 

7 

1       16      58 

7 

20         1       43       14 

8  B 

2      17      34 

8 

22      22      32       16 

9 

25       19      21       18 

10 

28       16      10      20 
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OODRICKE  also  discoveied,  that  &  Lyue  was  subject  to  a  peuoclic 

ic  (ollowing  is  the  icsiilt  of  his  obseivations      It  completes  all  its 

cl  tys  19  horns,  dining  which  time,  it  undeigocs  the  following 

It  is  oi  the  thud  nugmtude  foi  about  two  clays  —2   It  diminishes 

tys  — 3  It  is  between  the  fouith  and  fifth  magnitude  foi  less  than 

inci eases  in  about  two  cUys  — 5    It  is  of  the  thud  magnitude  foi 

xys  — G   ft  dnninishes  in  about  one  day  — 7   It  is  something  liigci 

h  nugmtude  foi  a  little  less  than  a  day  — 8   It  mci  eases  in  about 

luce  quaitcis  to  the  fhst  point,  and  so  completes  a  whole  penod- 

.     T)am    1785      He  his  also  found,  that  *  Cepliei  ib  subject  to  \ 

t  ion  of  $d  8/1.   37'i,  dunug  which  time  it  undcigoes  the  following 

It  is  it  its  gieatest  biightncss  about  1  day  13  houis — 2  Its  dmii- 

ioimed  in  about  1  diy  18  houis— 3   It  is  at  its  gieatesl  obscmi- 

E  lay  12  houis 4  It  increases  in  about  13  houis     Its  gieatest  and 

ess  is  that  between  the  thud  and  fouith,  and  between  the  fouith 

,m  tudes 

ic  01  j,  Esq  has  discovcied  w  Antmoi  to  be  a  \aiuble  stai,  with  » 
cl  ijs  1  liouis  38  minutes  I  he  changes  happen  TS  follows  1  It 
o-- 1  business  44  ilioius— 2  It  decieises  62  j=  houis  —  3  It  is  \i 
Uness  uO±houis  —4  It  mcieiscs  36±houis  When  most  blight 
Lhnd  01  fouith  nugmtude,  and  \vhcn  kist,  of  the  fouith  01  iifth 

It  ans   1785 

ic  Phil  J-'nns  1796,  Di  HDRSCIILL  has  pioposed  a  method  of 
r  changes  that  m  ly  happen  to  the  n\ed  stub ,  with  a  catalogue  of 
i  itive  bnghtncbs,  m  oulei  Lo  asccitam  the  peimanency  of  thai 

I  Ij  ii.diiT,  m  a  Papci  in  the  Phil  Turns  1783,  upon  the  piopcr 

0  solu  system,  hio  given  i  luge  collection  of  stais  which  veie  foi- 
btH   IK  now  lost,    ilso  a  catalogue  of  vuiable  stais,  and  of  new 

t  y  justly  obseives,  tlut  it  is  not  eisy  to  piove  tint  a  stai  Mah  nevei 

foi  thouoh  it  should  not  be  cont lined  m  any  citilogue  whatcvo, 

umont  foi°its  fonnci  non  ippeannee,  which  is  taken  fiom  it,  not 

1  obsencd  bcfoic,  is  only  so  fai  to  be  legaidcd,  as  it  can  be  mvle 
r  almost  eeitam,  tint  a  stai  would  have  been  obseivcd,  had  il  been 

i  e  have  been  vauoiib  conjcctuies  to  account  foi  the  appe nances  of 
ible  stais  M  MAUPLRIUIS  suppooes,  that  they  may  hive  so  quick 
30iit  thcu  axes,  that  the  centufugal  foice  may  leduce  them  to  flat 

oicls  not  much  unlike  a  mill  stone  ,  that  its  plane  m  iy  be  inclined 
>  0Jt  the  oibits  of  its  planets,  by  whose  itti action  the  position  of  the 
K3  allacd,  bo  that  when  its  plane  passe,  tluough  the  earth,  it  may 
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be  almost  01  entaety  uivmblo   and  then  become  y,  uu  viable  as  Us  bio-ul  suk 
*  turned  towauU  us     Othc.s  h  ,yt  conjcctmcd,  (I  a  tonsidu  lb,L     lU  7, 
smftcc,  ue  cotoioJ  w,th  da,k  spots,  so  tint  vhon,  by  tin  .otrtj,  o  the  ' 
ti,ese  spots  ale  p^sented  to  us,  the  st  us  become  Umosl  o,  entncl    /  ' 


Us     The  .ueguH^  o/  the  p 
be  enable,  and  theicioic  may  pcil 
a  8Ieat  part  of  the  bod^f 


ind  disappe..  hkc  tliow  on  the  smi's  su.&ce     Th-  lot  I  dm 

^  m.yp.ob.blybethedestn.cbonof.ts  sstcJ  ^  U''nC°  ° 


719    The  fked  stais  aie  not  all  e 
g.eat.p.tof  the,  a,  collected 


r>  — "•<•'—•    -HILW  t-iUTtva  TJ    Ul     WHICH   ll     1(  ruin/  I 

niagm^ingpowei^vithagicitqiuntJtyoi  liaht    lobe  iblt  fo  ,1  ,    f 

. 

1W     nebuhm  the  middle  of  0,,on;M,  A  C^T^^C™"* 


o(  th, 

.1  .ho  fa* 
178.,  tk. 

of  »h,oh     ™  ,  «    J-     «.r,  .,,1 


kudf  o,» 

of  Hem  fo.a 
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aiemoieineoulu,of  vanous  foims,  and  some  aie  long  and  nancn      The 
olobul  i  systems  oi  stais  appeal  Uuckci  m  the  middle  thin  they  ^ould  do  if 
the  stus  weie  all  at  equal  dist races  fiom  each  othci  ,  they  aie  theiefoic  con 
densul  towaids  the  centei      That  the  stais  should  be  thus  accidentally  dis- 
posed, is  too  impiobablc  a  supposition  to  be  admitted,  he  supposes  theiefoic, 
that  they    ue  thus  bi ought  togeihei  by  then  mutual  attractions,  and  that  the 
gi  idual  condensation  towuds  the  centci,  is  a  pioof  of  a  cuiti  il  powei  oi  such 
\  kind      He  iiulhei  obseives,  that  theie  aie  some  additional  cucumstances  in 
the  ippeaiance  of  extended  clusteis  and  nebula,  that  veiy  much  favoiu  the 
idea  oi  i  powei  lodged  in  the  bnghtest  pait      Foi  although  the  loan  of  them 
be  not  globulai,  it  is  phmly  to  be  seen  that  thcie  is  a  tendency  towaids  sphe 
ncity,  by  the  swell  oi  the  dimensions  as  they  diaw  neai  the  most  lummou, 
pi  ice,  denoting,  ib  it  weie,  a  comse,  01  tide  of  stais,  setting  towaids  a  centei 
As  the  stais  m  the  sune  nebula  must  be  vei>  nciily  all  at  the  same  jehtue 
distances  fiom  us,  and  they  appeu  ncaily  of  the  sxme  size,  then  leil  magni- 
tude, miut  be  neaily  equal    Gi  anting  thciefoie  that  these  nebula,  and  cluster 
of  stusaiefoimcd  by  then  mutual  attuction,  Di   Ilriiscnu  concludes  that 
we  may  judge  of  then  lelative  age  by  the  disposition  of  then  component  paits, 
those  being  the  oldest  which  aie  most  compicssed      He  supposes  the  milky 
way  to  be  i  nebula,  of  which  our  sun  is  one  of  its  component  stais      See  the 

Phi  Txm*  1786  ind  1789 

720   Di  Hxuscm  L  has  dibcovcied  othei  phenomena  in  the  heavens  which  he 
calls  Nebulous  Sims,  that  is,  stais  smioimded  with  a  funt  luminous  atmospheie, 
of  a  consideiable  extent     Cloudy  01  nebulous  stais,  he  obscivcs,  have  been 
mentioned  by  scvei  il  Astronomeis  ,  but  this  name  ought  not  to  be  applied  to 
the  obiccts  which  they  have  pointed  out  as  such,  foi,  on  cumulation,  they 
pioved  to  be  eithei  clusteis  of  stus,  01  such  appeal anccs  as  miy  leisonably  bo 
supposed  to  be  occasioned  by  a  multitude  of  stais  at  a  vast  distance      He  has 
o-iven  in  account  of  seventeen  o£  these  st  us,  one  of  which  he  h  is  thus  descubcd 
«  Novembei  13,  1790     A  most  smgulai  phenomenon  '     A  stai  of  the  eighth 
magnitude,  with  i  faint  luminous  itmospheie,  of  a  enculai  foim,  and  of  about 
3'  cliamctu      The  stai  is  peifectiy  in  the  centei,  and  the  atmospheie  is  so  di- 
luted funt  and  equal  thioughout,  that  theic  can  be  no  suimiseof  its  consisting 
of  stais,  noi  can  thcie  be  i  doubt  of  the  evident  connection  between  the  at- 
mospheie ind  the  stai      Anothei  stu  not  much  less  m  buohtness,  and  in  the 
same  field  of  view  with  the   ibove,  was  peifectiy  ficc  fiom  my  such  appeal  - 
ance  "     Hence  he  diaws  the  following  consequences      Giantmcr  the  connec- 
tion between  the  stai  and  the  suiioundmg  nebulosity,  if  it  consist  of  stais  veiy 
icmote  which  gives  the  nebulous  appeuance,  the  cential  stai   which  is  visible, 
must  be  immensely  gieatci  than  the  lest,  01  if  the  ccnti  u  stu  be  no  bigger 
than  common,  how  cxtiemely  small  ind  compiossed  must  be  those  othei  lumi 
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nous  points  which  occasion  the  nebulosity?  As,  by  the  foimei  supposition,  the 
luminous  cential  point  must  fai  exceed  the  stindud  of  whit  we  call  a  slai,  so, 
in  the  littei,  the  shining  mattci  ibout  the  ccntu  will  be  much  too  sm  ill  to 
come  unclci  the  simc  denomin  ition ,  we  thcicloie  cithci  hive  a  cenlial  body 
which  is  not  i  stii,  01  a  stai  which  is  involved  in  i  shining  fluid,  of  i  natuie 
totally  unknown  to  us  1  his  last  opinion  DJ  IlLRScnn  adopts  The  existence 
ol  this  shining  matter,  he  says,  docs  not  seem  to  be  so  essentially  conneeted 
with  the  cential  points,  that  it  might  not  exist  without  them  The  gicit  le- 
scmblance  thcie  is  between  the  cheveluie  of  these  si  us,  and  the  diffused 
nebulosity  theie  ib  about  the  constellation  of  Onon,  which  takes  up  i  spice  of 
moie  than  60  sqiuie  degiecs,  icndeis  it  highly  piobible  that  they  aie  ol  the 
simc  natuie  If  this  be  admitted,  the  scpai  ite  existence  of  the  luminous 
mattei  is  full}-  piovcd  Light  icflccted  fiom  the  stai  could  not  be  seen  it  this 
distance  And  besides,  the  oulw  ud  puts  aic  neuly  as  bughl  as  those  ncai 
the  stai  In  fiuthei  eonmmation  of  this,  he  obseivcs,  that  i  elustci  of  stub 
will  not  so  completely  account  ioi  the  milkmcss,  01  soft  tint  of  the  light  of 
these  nebula?,  as  a  self  luminous  fluid  This  luminous  millei  seems  inoic  fit  to 
pioduee  a  stu  by  its  condensation,  thin  to  depend  on  the  stai  foi  its  CMbtcnce. 
Theicis  a  teleseopic  milky  way  extending  in  light  ascension  iiom  5//  15'  8"  to 
SJi  39'  1',  and  m  polai  distmee  fiom  87°  46'  to  98°  10'  This,  Di.  Hi  RSCIIII 
thinks, is  bcttei  accounted  foi,  by  a  luminous  mallei,  thin  fiom  i  collection  of 
stais  He  obseives,  that  pcihaps  some  miy  account  foi  these  nebulous  stus, 
b}  supposing  thai  the  nebulosity  miy  be  foimcd  by  i  collection  oi  slais  it  in 
immense  distinec,  ind  lhat  the  cenli  il  stai  may  be  i  neu  slai  accident  illy  so 
placed  ,  the  ippeanncc  howevci  of  the  luminous  pail  does  not,  in  his  opinion, 
it  all  fwoui  the  supposition  tint  it  is  pioduecd  by  a  gicil  numbci  of  stus  ,  on 
the  othet  hind,  it  must  be  planted  tint  il  is  e\ticmcly  diflicult  to  admit  the 
olhci  supposition,  when  we  know  iiolhmcj  but  a  solid  body  tint  is  sell-luminous, 
01,  at  leist,  tint  i  h\cd  liuninuy  must,  immediately  depend  upon  such,  is  the 
flimc  of  i  cirnlL  upon  the  candle  itself  See  the  rin!  T)(tn\  1791,  loi  l)r 
's  account 


On  Ih 

721  As  soon  as  Astionomy  began  to  be  studied,  il  musl  h  ive  been  found 
nccessaiy  to  divide  the  heavens  into  scpuitc  paits,  and  to  f>ive  some  icpiesen- 
tations  to  them,  in  oidei  that  Aslionomcis  might  dcscnbe  ind  speak  of  t be- 
st lit,,  so  as  to  be  undei stood  Accoidmgly  wo  find  tlut  these  ciieimislauccs 
took  place  \eiy  eaily  The  mcients  divided  the  heavens  into  CoiuttllattoM,  01 
collections  of  alai ,,  and  irpiesented  them  by  animals,  wnd  othci  figiues  iccoid 
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in-  lo  the  ideas  which  the  depositions  of  the  btaib  suggested     We  find  some 
o^thcm  mentioned  by  JOB,    md   ilthouSh  it  his  been  deputed,  whether  out 
munition  his  sometimes  given  the  tuic  meaning  to  the  Ilcbicw  woids,  yet  it 
is  1-1  Ltd,   tint  they  signily  the  constellations      Some  of  them  lie  mentioned 
by  Ilcnn  n  md  Hi  SIOD,  but  AKATU,  piofesscdly  tie  its  of  ill  the  ancient  ones, 
except  tlnct  which  wcie  invented  ilia  his  umc      The  numbei  of  the  mcient 
constclhtions  wis  48,  bat  the  picsent  numbei  upon  a  globe  is  about  70,  by 
rectifying  which  (is  will  be  aftuwaids  explained),  and  setting  it  to  conespond 
with  the  stus  m  the  hewcns,  you  may,  by  compiling  them,  veiy  easily  get  a 
knowledge  ol  the  Mueut  constclhtions  and  stoia      Those  stais  which  do  not 
come  imo  my  ol  the  constcll  itions,  lie  called  mijoi  med  stai s    The  sUis  visible 
to  the  inked  eye  ne  divided  into  six  chsses,  accoidmg  to  then  magnitudes, 
the  hioost  uc  (  illtd  of  the  hist  magnitude,  the  next  of  the  second,  and  so  on 
Thos,  which  cumotbe  seen  without  telescopes,  aic  called  Telescopic  f>ta,s> 
Tlic  stus  uc  now  -enci  illy  in  u  keel  up  on  mips  md  globes  with  BAirn'b  leltcis, 
the  his!  lettci  m  the  Gicck  ilphabct  being  put  to  the  gicxtest  btu  oi  each  con- 
stelhtion,  the  second  lettet  to  the  next  gieitcst,  and  so  on,   and  when  any 
rnoic  lettci ,  ue  *  inted,  the  Italic  chuacteib  aic  gcneially  used  ,  tins  seivcb  ib 
a  n  une  to  the  st u ,  by  which  it  m  iy  be  pointed  out      1  welve  of  these  constcl- 
htions  he  upon  the   ecliptic,  including  a  space  about   1*°  bioid,  cilled  the 
Zodiac,  within  uhich  ill  the  pluicN  move      Ihc  constcll ition  Ane*>9  01  the 
Raw,  ibout  2000  yens  ago,  hy  in  thc>A/  sign  of  the  ecliptic  ,  but,  on  account 
of  (h«    pieee.sion  of  the  equinox,  it  now  lies  m  the  second     The  following  aie 
the  mine,  of  the  eonsUllitions,  md  the  numbei  oi  the  sUis  obscivcd  m  them 
by  diflcicnt  A.tionomeis      Antmous  wis  made  out  of  the  unfoimcd  staisneai 
Aqwla,    md  Coma  Utrcwzas  out  of  the  unfoimed  stus  neai  the  Lion's  Tail 
They  ue  both  mentioned  by  Pi  on  MY,  but    i ,  unfoimed  stais      The  constell  v 
lions  isfu  as  the  li  tingle,  with  Comi  Bcicmcc  ,  ai  c  wo> ///6? » ,   those  if  lei 
Pisces,  aie  southern 
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HIE  ANCIENT  CONSTELLATIONS 


(Jib  i  Minoi 

Uiba  Majoi 

Duico 

Ca?pheus 

Bootes 

Coioni  Boi  calls 

Hciculcs 

Lyia 

Cygnus 

C  issiope  i 

Perseus 

Amiga 

ScrpenUims 

Seipcns 

Sagitta 

Aquila 

Antinous 

Dclplunus 

Eq^ulus 

Peg  isus 

AndiomecU 

Tiungulum 

Ancs 

Tamils 

Gemini 

Cancer 

Leo 

Coma  Bciemccs 

Vngo 

Libia 

Scoipius 

Sagittal  ins 

Capucoinus 

Aquanus 

Pisces 


The  Little  Beoi 

TheGieatBeii 

Hie  Diagon 

Cjepheus 

Bootes 

Tlie  Noithem  Ciown 

llcicules  kneeling 

TIic  ILup 

The  Swrn 

The  Lady  in  hei  Chan 

Pci  sens 

The  Waggonci 

Sci  pent  urns 

The  Serpent 

The  Anow 

The  Eagle 

Antinous 

The  Dolphin 

The  Iloise's  Head 

The  Flying  IIoisc 

AndiomccU 

The  Tnangle 

The  Ram 

The  Bull 

The  Twins 

The  Ciab 

The  Lion 

Bciemce'sIIan 

The  Viigm 

The  Scales 

The  Scoipion 

The  Aichci 

The  Goat 

ThoWatci-beaier 

The  Fishes 


J 


PlOLCMY 

TYCIIO 

8 

7 

35 

29 

31 

32 

13 

4 

23 

18 

8 

8 

29 

28 

10 

11 

19 

18 

13 

26 

29 

29 

U 

9 

29 

15 

18 

13 

5 

5 

15 

12 

3 

10 

10 

4 

4 

20 

19 

23 

23 

4 

4 

18 

21 

44 

43 

25 

25 

23 

15 

35 

30 

14 

32 

33 

17 

10 

24 

10 

31 

14 

28 

28 

45 

41 

38 

36 

Ilrvruui  Ts  w>rrvi> 


12 
73 
40 
51 
52 
8 

45 
17 
47 
37 
46 
4O 
40 
22 
5 
23 
19 
14 
6 
38 

47 
12 

27 

51 

38 

29 

49 

21 

50 

20 

20 

22 

29 

47 

39 


24 
87 
SO 
35 
54 
21 
113 
21 
81 
55 
59 
66 
74 
64 
18 

71 

18 
1O 
89 
66 
16 
66 

141 
85 
83 
95 
43 

110 
51 
44 
69 
51 

108 

113 


ON  THE   CONST!  LL  VI  TONS 


499 


THE  ANCIENT  CONSTELLATIONS  CONTINUED 


PlOLLMY 

T\cuo 

Cctus 

The  Whale 

22 

21 

Onon 

Oiion 

38 

42 

Endanns 

Endanus 

34 

10 

Lepus 

The  Iliie 

12 

13 

C\ms  Mojoi 

The  Gieat  Dog 

29 

13 

C  mis  Mmoi 

llic  Little  Dog 

2 

2 

Al£>0 

The  Ship 

45 

3 

Hydia 

The  Hydia 

27 

19 

Ci  ilci 

The  Cup 

7 

3 

Coivus 

The  Ciow 

7 

4 

Centauius 

The  Contain 

37 

Lupus 

The  Wolf 

19 

An 

The  Altai 

7 

Coioni  Austiahb 

The  Southern  Cio^n 

13 

Piscib  Austiahs 

The  Southern  Mi 

18 

Iltrviuus    ILWSIEUJ 


45 
62 
27 
16 
21 
13 
4 
31 
10 


97 

78 
84 
19 
31 
14 
64 
60 
31 

9 
35 
24 

9 
12 
21 


THE  NEW  SOUTHERN  CONSTELLATIONS 


Columba  Niochi 

Robin  Caiolmum 

Gius 

Phocmv 

Indus 

Pivo 

Apub,  Avis  Indicd 

Apis,  Muica 

Chamaelcon 

Tuangulum  Austi  ilia 

Piscis  volans,  Pa^cr 

Doiado, 

Toucan 

Hydi  us 


Noah's  Dove 
The  Royal  Oak 
The  Ciane 

The  Phoenix 
The  Indian 
The  Peacock 
The  Bud  of  Paiadise 
llic  Bee  01  Ely 
The  Chameleon 
The  South  Tuangle 


The  Flying 
The  SwoidFish 
The  Amciicui  Goose 
The  Watei  Snake 


10 

12 
13 


ii 

n 

4 

10 

5 
8 
6 
9 

10 


ov  JIIL 


UEVELIUVt,  CON/JIELLAIIONS 

Made  out  oj  IH  Unjw  med  Sim  s 


Ll> 

19  41 


Leo  Mnioi  1  hc  Luuc  Lion 

Astcion  and  Chaii  The  Gicyhouuds  2J  25 

Ceibeius  Ccibeius  4 

Vulpucuh  md  Ansci  "1  he  Fov  md  Goose  27  35 

Scutum  Sobie&ki  Sobicslvi's  Miicld  7 

Liccita  1  he  Li/  ud  1& 

C  imdop  u  d  ilus  "1  lie  C  imclop  ud  33  7b 

Monoccios  ThcUmcom  19  ,! 

Sextans  IhcSevliut  11  41 

Besides  the  Icltcis  which  ue  picfkcd  to  the  bt  us,  many  oi  them  h  u  c  n  imcs, 
is  Regulus,  Synm,  A)  cturu^  &,c  * 

722    KEPI  m,  who  was  aftciwaids  m  tins  conjectmo  followed  by  J)i    IIU 
IEY,  hu  made  t  vC1y  mgemous  obwmfaou  npoutht  nngmtiuLs  uul  .bslintos 

S 


smf      o  ?     ,3C1V°S'  tIUt  thCa  Can  bc  °nl^  13  1'°"'^  "I'ou  the 

smtice  of  a  sphoio  as  f  u  distant  horn  t.cb  olliei  is  faom  the  ccntu  ,     ud  sun. 

posmg  he  «.u«t  nxcd  st«,  to  be  »  fa,  ilo,n  c  vch  olhc.   ,s  iom  the  sun,  he 
concludes  that  the.o  c,u  be  only  13  sUs  oi  the  nist  m  .^n.tudc      Ilcncc     t 

1"  Ce  " 


U  «  ™"y>  o 

52,  at  thiee  times  tl.at  Stance,  mne  Uuies   »  muiy,  oi  117,  -ind  so  on 

These  numbe,.  wnl  glye  p.ctty  ne^ly  the  numb*  of  stus  oi  the  In      s  couS 
thnd,ta  tnagnuudes     D,   IL^Tfiuthei  lomuls,  tint  *  the  nunbu  of 
st  u,  be  nwte,  and  oecnpy  o.Uy  a  paU  of  space,  the  ontw-ud  stazs  wou  dte    on 
tan,  ly  attiacted  towauls  those  wlnch  ^e  wHlun,   md  in  p.occss  of  toe  they 
would  codesce  ,nd  nmte  lnto  one     But  :f  the  numbex  be  mlnnte    Z     ev 

" 


y^          "  r  W°"Id  b°  DMlly  m  ^^'"oo 
1  enuy  each  nxed   ,t-u    bemg  diuvnm  opposite  dueclious  ^vould  keen  its 
place,  Ol  move  on  Ull  .t  Ind  found  an  eqmhb.aum     I'M  T,m,  ^  ^  '      ' 


c«tH  b,e  IS 

furthe,  fiom  cad,  oth  C  th!       ,  "?       ',       r'7  """  12  C<IU"''st»"  P"""  '  »l  be  a 

Stance  a,  f.om  the  ant  r  the"  wTl  '  W     "  *  ""  *  P°mlS  W"c 

fc  othu 


ON  HIE  «  iiAiocuEi  or  iiiL  IIXID 


On  tie  Catalogues  ofilie  Fixed  &ian 

723    At  the  time  of  H,rpA«cnu,  of  Rhodes,  about  120  you,  befoie  J   C 
mew  stu  appeued,  upon  winch  he  set  1bout  numbumg  the  fixed  .t  us  ind 
Id™      I    m  to  v  (JW,  that  plenty  nnght  know  whether  vy  changes 
,  St    !n  !,1  ^  m  the  hcwens      1>™  howc,«  mentions  that  IvMocn^ 
«,d  AmsAuusleitseveul  obseiv  «Uon.  m  vie   ISO  ycais  brfbic      Ihc  c  to, 
looneot  Hu-wurauscontuncd  1032  *  us,  with  then  htitudes  >nd  loug,  ude 
tl'uch  nor,  MV  pushed,  ,lth  the  ,dd,tr  of  fom   m«o       Jcsc  .AsUouo- 
«,u<,  muk  thui  ol,Wivat,ons  watli  ^n  «n,iUuy  sphtie,  plau,  o  the  a,  in  h    « 
hoop  i.  pa-mil^  the  cchpfc,  to  comcide  W,th  the  echpttc  m  he  he  ^  vcn 
l^Lu/s  of  tho^nthecUyUme,  and  then  tl-y  dotoam.ed  the  p  hceo 
the  in  )<>n  in  u  spect  to  the  »m  by  a  moveable  cncb  of    rtitiide      Hie  next 
1.  "  „  -  the  hdp  ot  the  moon  (whose  plxce  bctec  found  tl-cy  conocted  by 
Jlo*  „«  loi  it,  mouon  m  the  mtdval  of  brae)  they  plxccd  the  hoop  m  such  » 
u  turn  «  w,  ng.eeaUc  to  the  pesent  moment  of  time  ,nd  then  coined, 
U      tn  m.H,  ,  the  pi  >ces  of  die  sto.  B  wath  the  moon      1  us  they  lo«nd  tl.e 
lull"  «d  J-^-tudes  of  the  stus,  ,t  could  uot  ho.e.e,  ^J^J^ 
a,i  wslmmcnt  to  my  vuy  g.ert  dcgice  of   Kduncy      I  ioiirn    ^"^ 
<  udoouc  to  the  yea!   13,  .iftoi  I  C  ,  but  supposmg,  wuh  Ihw-AW-nns  who 
n  de  t      Lovciy,  the  p,cccs«on  of  the  cqnmovcs  to  be  1°  in  1C»  yean,  m- 
e  d  o  V,  ut  72  yen,,  he  only  added  2°  40'  to  the  numbcis  m  IlnPvncHus 
i     2  ,°  y  u,  (Ju-  Uicnco  of  the  epoehs)  rnsUid  of  3"  42'  22  Kcoidmg  to 
D     MA  M  i  ,N,  '  ,  1  Ales     To  compaic  hw  1  >bles  tliucfo,  e  v,lh  the  pxesent, 
we  nn.tt  u  t  U.CK  ,«.  h,b  mnnbe.sby  1"  2'  as',  and  then  allow  01  the  piece,- 
n  71  lh"  t  u-ne  to  to     The  ne.t  A*ono,n«  who  oW,  vcd  *e  ^edj. 
iir  trr  TT  -RrrrTr    the  Giindson  ol  I  uvu  RLA.NL  the  bicat  ,  no  micie  a 
^roSsSuta^to  *e  yea,  i«7    Wn-rn-,  the  -nost  dlu.tnous 
L  nd<  u^e  o  fUcssc,  m-idc  a  entitle  of  400  st.ts  wluch  he  observed,  he  com- 
,    1  d   li  tides  ind  Ion,  rtudcs  liom  then  obbavcd  light  ascensions  ind 
C  1  n  t    et  16?0,   T.CHO  B^'s  catalogue   of  777  ^s  was 

Shed  fiom  Ins  own  ob,erv  .hons,  ,n  ,de  with  gieat  caie  and  d.hgenee  _   It  wa 
5  w     I  r  (.27,  coyicd  mto  the  a*/o?p*W  T«W^,  and  fflae  «d  by  223  stai, 

f  om  o  her'oLe  v    Js  of  I.eno      Instead  of  ,  xnUacal  um^  Treno 
hom  ot  er  OB  c  ^  ^  dlfeiencc  rf  1J?l 

d  1  ±L    L  of  the  n,eudnn,  the  nuudun 

^ 
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his  mstiument  was  vciy  laige,  and  conducted  with  gicat  iccmacy,  yet  no( 
having  pendulum  clocks  to  raeasuie  his  time,  Ins  obseivitions  cmnot  be  veiv 
accmate     The  neU  catilogue  wis  tint  of  R  P  U,<  UOILS,  which  wis  taken 
fiom  TYCHO'S,  except  101  st  us  which  In,  himself  ]]  id  ob,cived      HLVI  i  IDS  of 
Dmtiick  m   1690  published    i  dialogue  ot  19«>  stus,  o(  winch   950  weic 
known  to  the  ancients,  603  lie  calls  lus  own,  bcc  msc  they  Ind  not  boon  ac- 
cuiitely  obseived  by  any  one  bcfo,c  himself,  and  377  of  Di   JlAmywhith 
weie  invisible  to  his  hcmispheie     Then  phccs  v-eie  uvcd  to  the  you   1660 
The  Bul^i  Catalogue,  which  was  published  by  Mi   I'IAMUI  1D,  contuns  $000 
stais,  lecufied  foi  the  yea,  1689     JChoy  aic  distinguished  mto  seven  domees  of 
magnitude  (of  which  the  seventh  dci-icc  «e  teloseop.c)  in  then  piopei  constel- 
htions     This    ciUloguc  is  moic    co.ucl   ihm  anv  of  the  otheis,  the    ob 
seiyitwns  having  been  made  w,th  betm  lustu.ments      He  dso  pubhshod  m 
Atlas  Calest*    o,  map,  of  the  sUs,  a,  which  tuh  stu  ,s  hid  down  ,„  Us  t,uc 
place    and  delineated  of  iu,  own  nngn,tud<      1-  «h  stu  ,s  maikcd  will,  » let- 
to,  beginning  with  the  fiist  lettei  «  01  the  Gieck  dphabct/o.  the  lu-cst  s(u 
of  each  constellation,  and  so  on  acco.dmo  to  then  magnUudcs,  lollowin-.,  ,„ 
this  icspeet,  the  chuts  of  the  same  kind  wh.eh  weie  pubhshcd  by  J  Bmu    , 
Geimin,  in  1603     In  the  yen  1757,  M  dc  U  CAULS  published  Ins  *Wa. 
menlaAslxmomta.,  m  which  theie  ,s  a  cil  vlogne  of  397  stais,  and  m  17f)J  ho 
published  a  catalogue  of  !942  souUicin  ,tuS  fiom  the  fopie  of  Cm,  com  to 
the  south  pole,  with  tl^ea  ught  ascensions  «ul  declinations  fo,  1750      Uc  .1  ! 
imbhshed  v  catalogue  of  /odued  stais  a,  the  ^,,,,,^  flom  ]?65  ^^ 
M . ,    MA«»  d,o  published  a  catalogue  of  60O  xodi  tc  ,1  st  us     In  the  Naulal 
Almanac  foi  1773,  theie  is  published  t  c,.,lo?ue  of  380  stai,  obse  vecS    f 
BnADLri,  with  then  longitudes  and  huUulcs     In  the  yea,  17b2    J   1    Bo? 
Astionomei  at  Beilm,  pubhshcd  vset  of  CcUtml  C!la,l  conlimnl  ' 

numbei  of  stus  thm  in  those  of  Mi  I,'IAMsriAD,  ^^S^£*£ 
and  ncb.,1*     He  also  published,  ,»  the  same  woik,  i  catilogue  o  sli     t 
of ^^.EADbems  the  foundUion,  oimttmg  some  stu,,  whose  po  i  ons\     e 
left  incomplete,  and   iKeiing  the  numbois  of  otheis,  to  which  he  In  ad.led 
tai.  fiom  HLVEUUS,  M  do  h  CAILLL,  M«, E  md  otheis     !„  the  ycu    776 
theie  wis  published  ,t  Beihn,  ,  woik  entitled,  AmrfAavrifc  J^  ±' 
in  which  »  contained  a  veiy  la, go  catilogue  of  stais  fiom  II,  v, 7,! 
saEAD,  M  de  la  CA]LLE,  and  Di  BUABIL?,  with  the    l  ' 

fo:  the  beginning  of  isoo,  ^^^^^ 
CAILLE  ,-of  double  stus  ,-of  changeable  stais,  and  of 


ON    1HL    PROPrn    MOTION    OT   TITi     TI\?D    ST^RS 

/k'(    1  tut)  of  the  Mian  Positions  of  Slat  i,  Nebula,  and  Chuteis  of  Man,  <rs 
fruy  conic  out  upon  Calculation  f)  om  the  Tables  oj  several  principal  Otocwen 
By  ui  inking  the  slais  into  zones  pnallel  to  the  cquatoi,  an  obsei\cr,  \\ith  Ins 
telescope  on   in  ecautonal  stiml,  wjll  have  the  stais  pass  thiougli  in  the  ouler 
in  \\hich  lie  finds  them  in  the  c  itiloguc,  by  which  he  will  moie  leachly  hnd 
out  \vlut  he  wants,  being  picpaicd  loi  its  appeal  ince      The  fiist  Tible  con- 
tains a  citiloguc  oi  the  mean  nght  isccnsions  of  06  pimcipal  si  us  foi  Jamuiv 
1,   1790,  a*  settled  by  Di    MASKIIANE,  wJth  then   annuil  piccessions,  ind 
piopei  motions      The  second  Tiblc  contnns  the  genual  calilogue  oi  all  the 
stus  whose  pi  ices  have  been  well  isccitamed,  tooethei  \uth  those  nebulffl  ind 
clusleis  ol  stus  which  can  easily  be  seen  by  a  good  common  telescope,  with 
then  nght  ascensions  and  noith  polai  distances,   ind  then  annual  piecessions, 
also  then  magnitudes,  and  the  numbci,  name  01  chiiictei  of  the  object,   ind 
by  whom  it  wis  obsuved      Ihe  thud  I  ible  contains  in  index  to  the  stais  m 
the  Butish  Citalogue,  icfeiimg  to  the  zone  of  noith  polai  distance  m  which 
each  is  to  be  found     The  fouith  Tiblc  contains  in  index  of  those  stais  in  M 
de  h  Cum's  fundamental  eitilooae,  \\hich  iic  not  m  I'UMSII^D'S      rlh( 
fifth  Tiblc  conluns  FLAMbiiAiA  Butish  Catalogue,  and  M    delaCviui', 
sonthcin  catiloguc,  with  about  eighty  ciicumpolai  staib  liom  HIVLLIUS  which 
hid  been  omitted  by  Fi  AMSII  AD,  aiianoed  in  then  oidu  of  light  iscenbioiia  m 
time  f 01  Tanuaiy  1,  1790      Ihe  sixth  Table  contains  i  dialogue  of  the  /odi 
acal  stais  (01  9°  of  latitude,   uianged  in  then  oidei  of  longitude  foi  Jamuiy  1, 
1790      Ihc  whole  concludes  with  a  plan  foi  cxummng  the  heavens,  pioposmg 
that  diileient  peisons  should  undeitakc  diifcient  zones  and  examine  them  veiy 
minutely  ,  iccommending  a  system  of  wncs  in  a  telescope  which  lie  has  found 
veiy  convenient  foi  tint  pmpose      The  Piaclical  A&Uonomci  is  undci  \eiv 
gical  obligations  to  Mi   WOLLA&ION  foi  a  useful  and  complete  a  AYoik 

On  the  Piopei  Motion  of  the  Fned  Stan 

724  Di  MASIULYNF,  in  the  explication  and  use  of  his  Tibles  which  he 
published  with  the  fust  Volume  oflns  Obwmliom>,  obseivcs,  tint  miny,  if  not 
all  the  fi>cd  stus,  hive  small  motions  among  themselves,  which  aic  called  then 
Proper  Moljom ,  the  cause  ind  liws  of  which  aie  hid  foi  the  picstnt  in  ilmost 
equal  obscmity  Eiom  compiling  his  own  obseivitions  it  that  time  with  those 
of  Di  BHADJEY,  Mi  FIAMSTEAD,  and  M  ROLMIU,  he  then  found  the  unmal 
pioper  motion  of  the  following  stais  m  nght  ascen.ion  to  be,  of  6VHMS-0",63, 
of  CY^/or-0",23,  of  Piocyon-or,B9  of  Po^~0",93,  of  llegulu* -CT ,41,  oi 
Atctnrus~l"4,  and  of  «  Aqwfa  +  O"^,  and  o£Stnu&  m  noith  polai  distmce 
1",20,  and  of  Arcluru*  2",01  both  southwauls  But  since  that  time  he  had 
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continued  lus  obscivations,  and  fiom  a  catalogue  of  the  me  in  light  iscension 
of  JG  piuicip  d  n  as  (winch  he  commuinc  itcd  to  Mi   Woj  L^  .PON,  md  i,  found 
in  ins  Woik;,  ii  lppc  u ,  tlnl  35  of  them  h  ivc  i  p.  op*t  ,nolwn  m  no  lit  i  jCcuioii 
725?    In  the  jju  1756,  M  A]AYLR  obscmd  SO  stu,,   uid  compuul  them 
with  the  o',si  H  Hions  of  Iloi  PILR  m  1706    M  MAYIK  i,  of  opinion,  tli  ii  (Liom 
the  ooodiits,  of  the  instunnents  with  which  the  obscivit<ons  \\.  ic  madO^hcic 
thcdisigiecmpntis  it  lent  10"  01  H",  it  is  i  voiy  piobiblc  million  ol  i  mo- 
pci  motion  o(  such  a  stu      He  (inthci  idds,  that  when  the  disagi  cement  is  so 
fifii.it  as  he  Irs  found  it  in  some  ol  the  stais,  amongst  vine  h  i<  Fom»lwJ 
wheie  the  (Lflticnu  wis  21*  in  50  yens,  he  has  no  doubt  of  i  piopei  lotion' 
Di    IIiR,nn  L,  following  MATH'S  judgment  of  his  own  iul  ROLMI  K%  ob  ci- 
vitiou,,  In,  combed  the  obscn  Uions,  and  leaun"   out  of  hi,    iccount  >H 
those  ,tu  ,  \\hidi  did  not  ,how  i  disioicemcnt  imounlm    to  10",  1^  found  that 
56  of  them  Ind  i  piopu  mo  ion     Piom  thenee  he  lUc-mpt   (0  deduce  the  mo- 
tion oi  the  s  >lu  sjbtun  in  tlu  iollo\MJio  nnnnei 

iro          "/o6   II  the  sun  be  fust  at  A,   md  then  move  fiom  S to  Cm  the  line  AJS, 
<      a  &i  u  at  s  would  appc  u  to  move  fiom  a  to  b,  hence  if  we  suppose  RKAL  to 
be  the  cehptie,  ony  stu  m  lhc  sclmcildo  BKAy  SU})}JOSmQ  tlnt  to  bc  thc  0]dcr 
ot  thc  siqns,  will  hive  its  longitude,  leekoncd  fiom  the  point  to  which  the  sun 
is  moving,  uieieiscd,  but  a  stai  in  the  othei  senncnelc  will  hive  its  1on«ilii'lc 
so  icckoncd,  diminished      Those  stais  which  do  not  he  in  thc  cehptie°woulel 
hive  then  htitndes  iltciod,  those  would  bc  mcieiscd,  tow  mis  which  the  sun 
wis  moving   md  those  diminishe  1,  fiom  winch  it  \\  is  uccdim>       rhc  effect 
will  bc  less  in  piopoition  is  Iho  disluuc  of  the  stu  is  «ie  Hoi,  mddsiti,nc.uoi 
to  A  md  B  in  uiquhi  disi  uue      'ILese  would  be  thc  ippen  mces,  it  the  ,tus 
thci  i  elus  v\  eic  at  ic,t,  but  ii    my  of  them  be  in  motion,  these  effects  will  bo 
illeud   ucozding  to  then   mouon  eompaied  with  thc  motion    of    oui  sun, 
Some  oL  them  ikicfoie  iiomthen  own  piopei  motions  might  dcstiov,  01  moic 
th  in  coimtoi  let  the  eHects  nismg  fiom  the  motion  of  thc  sun,   ind  appe  u  to 
h  vc  motions  eontiaiy  to  wh  tt  is  hcie  desenbed      Like  effects  will  be  pio- 
dured,  if  otn  svtem  move  m   my  dncetion  out  of  the  ecliptic      Hence,  m 
whitcvci  dncetion  om  Astern  should  mo\c,  it  would  be  vciy  eisy  to  find  what 
eltcaet  of  latjuielc  md  lon«itiuL  would  hive  tikcn  pi  ice  upon  my  stu  by  me  ins 
of  i  celesta!  ojobc,  by  conceiving  the  sun  to  move  fiom  thc  ecntei  upon  any 
i idius  dncctcd  to  the  point  to  which  the  sun  u»  moving      Di    Hnt  ^CHIL  de- 
scnbcs  thc  effect  thu«      Let  an  uc  of  90°  be  applied  to  the  smficc  of  a  globe, 
and  always  passing  thiough  tint  point  to  which  the  motion  of  the  system  is 
diiected      Then  whilst  one  end  moves  along  the  equatoi,  the  othei  will  de- 
scnbe  acnive  passing  thiough  its  pole  andjetuimncj  into  itself,   and  the  stais 
m  the  noithein  hemispheie,  within  this  cuuc,  will  appeu  to  move  to  the 
Boitli ,  md  the  icst  will  go  to  the  south      A  similai  cmvc  may  be  debdibed  m 
the  bouLhein  hemisphcie,  and  hkc  appearances  will  take  place 
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>i     Hi  Tiscmi  fiist  tikosthe  seven  stais  befoie  mentioned,  whose 
h  id  be  on  clctci  mined  by  Di   MARKET  INE,  and  he  finds,  that  il 
vs*-  urned  ibout  the  77°  of  light  ascension,  and  the  sun  to-  move 
i  it  it  will  account  foi  all  the  motions  in  light  ascension      And 
•mpposincr  the  sun  to  mo\c  in  the  pi  me  of  the  equa+oi,  it  should 
tut  IK»U  to  y  TIercuhs,  it  mill  account  foi  the  obscued  change  of 
S*/ms  uul  AiLtwus      In  respect  to  the  quantity  of  motion  of 
*t  depend  upon  then  unknown  iclative  distances  ,  he  only  °peaks 
t  (  ttoJi**  of  the  motions 

\.t  1  ikes  twelve  btais  fiom  the  catalogue  of  56,  whose  piopei  mo- 
11  dot  01  named  fioma  companson  of  the  obscivations  of  ROEMEK 
xnd  adds  to  them  Regalia  and  Castor  ,  these  ha\e  all  a  proper 
t  asc  eiision  ind  declination,  except  Regulus,  TV  Inch  has  none  in 
C  )f  these  27  motions,  the  above  supposed  motion  of  the  solai 
tisfy  '2*2,  Thuc  ait  also  some  icmaikable  oncumstanccs  in  the 
hose  motions  Aiclm  ui>  and  fmnts  bung  the  Lugest,  and  theie- 
thc  iicaicst9  ought  to  have  the  gicatest  nppuent  motion,  and  so 
lave*  Also  Aictuuis  is  bettei  situated  to  have  a  motion  in  light 
tl  il  his  the  gicitcst  motion  Scxcial  othei  agieements  of  the 

0  found  also  to  take  place     But  thcie  is  a  \eiy  icmaikable  en 
icspcct  to  Castoi      Castoi  is  a  double  stai  ,  now  how  evtiaouli 

cai  the  concuii  encc,  that  two  such  stais  should  both  have  a  piopei 
»tly  alike,  that  they  have  ncvci  been  iound  to  v  iry  a  single  second  f 
point  out  the  common  cause,  the  motion  of  the  soloi  system 

1  use  in  J.  next  takes  32  moie  of  the  same  catalogue  of  56  stars,  ind 

11  motions  \gice  veiv  ^e11  Wlth  ms  supposed  motion  of  the  solai 

the   motions  of  the  otlici  12  stais  cannot  be  accounted  for  upon 

s.      In  these  thuefoic  he  supposes  the  effect  of  the  solai  motion 

i  oyed  and  countci  acted  by  then  own  piopei  motions      The  same 

of    1  9  st  us  out  of  the  32,  which  only  agiees  with  the  solai  motion 

tl  ue,  as  to  sense,  it  icst  the  othei      Abiding  to  the  mles  of 

Q  theieioie,  which  diicct  us  to  icfei  all  phenomena  to  as  few  and 

7>lts  as   aic   sufficient  to  cxplimthem,  Di    HEPSCIIEL  thinks  we 

il  the  motion  of  the  bolu  system      Peihaps,  howevei,  this  aigu- 

be   wionci  Iy  ipphcd  heie,  bceause,  theie  is  no  new  cause  01  pun- 

!  c  oil  by   supposing  e  ich  stai  to  have  a  piopei  motion      Admitting 

ai   tiiuvcisalgiivitacion,  the  nvcd  stais  ought  to  move  -B  well  as 

it  the  sun's  motion,    is  heic  estimated,  cannot  be  oTvmg  to  the 

hcicly  upon  it  which  might  give  it  a  lotitoiy  motion  at  the  same 

Je  la   L'VNDr  conjectuics,  because  a  body  acting  on  the  sun  to 

3  T 
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give  it  its  lotation  about  its  axis,  would  not,  it  the  snnc  time,  olvc  it  that  mo 
giessive  motion      SceDi   Hrnw  BEL'S  Account  in  the  Phil  VWws   178  3 

730  Let  us  now  considci,  how  f  u  this  motion  of  the  sohi  system  naiec^ 
with  the  piopci  motion  oi  the  35  stais  dctcimmccl  by  Di  MASKCLYNL  Now 
upon  supposition  that  the  bun  moves,  is  conjcctmcd  by  Di  Hi  uscm  L  that 
motion  will  iccount  foi  the  motion  of  20  of  them,  so  f  u  as  icgaids  then  dncc 
tion,  but  the  motion  of  the  othei  15  is  contiiiy  to  tint  which  ought  to  amp 
fiom  this  supposition  As  some  of  the  stais  must  hive  i  piopci  motion  of  then 
own,  even  upon  the  hypothesis  of  a  solai  motion,  md  which  piobibly  uiscs 
fiom  then  mutual  attiaction,  it  is  vciy  piobable  tliat  tliey  have  all  a  piopci  mo 
tion  fiom  the  same  cause,  but  most  of  them  so  veiy  small  as  not  yet  to  luue 
been  discoveicd  And  it  might  also  happen,  th  it  such  a  motion  might  be  the 
same  as  that  which  would  inse  fiom  the  motion  of  the  solai  system  Yet  it 
must  be  confessed,  that  the  eiicumstmce  of  Outm,  and  the  motions  both  m 
light  ascension  and  declination  of  many  of  the  stais  being  such  as  anse  fiom 
this  hypothesis,  with  the  appucnt  motion  being  gieatest  of  those  stais  which 
AIC  piobably  ncaiest,  foima  stiong  aigument  in  its  favom 

On  the  Zodiacal  Light* 

131    The  Zodiacal  Light  is  a  pyiamid  of  light  which  sometimes  appeals  «i 
the  moinmg  bcfoic  sun  use     It  has  the  sun  foi  its  basis,  and  in  appc  nance  10. 
sembles  the  Aurota  Borealts      Its  sides  uc  not  sti  light,  but  a  little  cuivcd 
its  hgme  lesemblmg  a  lens  seen  cdgcwiys     It  is  gpnoially  seen  heie  about 
Octobci  and  Maich,  that  being  the  time  of  oui  shoitest  twilight,  foi  it  cannot 
be  seen  m  the  twilight,  and  *hen  the  twilight  lasts  i  consideiable  time,  it  is 
withdiawn  befoie  the  twilight  ends      It  was  obseivcd  by  M  CASSINI,  m  1683 
a  little  befoie  the  vcinal  equinox,  m  the  evening,  extending  along  the  ecliptic' 
fiom  the  sun      He  thinks  howcvei  that  it  has  appealed  foimeily  and  aftmvaid* 
disappeaied,  fiom  an  observation  of  Mi    T  CIIIIDRLY,  m  a  book  published  m 
1661,  entitled,  Bntannia  Bacomca     He  siys,  that  « in  the  month  of  Febiuaiy 
foi  seveial  yeais,  about  six  o'clock  in  the  evening,  aftei  twilight,  he  saw  a  path 
oflight  tending  fiom  the  twilight  towauls  the  Ptoadu,  as  it  weie  touching  them 
This  is  to  be  seen  whenevei  tlie  weatliei  is  clcai,  but  best  when  the  moon  docs 
not  shine     I  behove  this  phenomenon  has  been  foimeily,  and  will  hcicaftcr 
appeal  always  at  the  abovementioned  tune  of  the  yeai      But  the  cause  and 
natuie  of  it  I  cannot  guess  at,  and  thciefoie  leave  it  to  the  cnquiiy  of  p«ste, 
nty       liom  tins  descnption,  theie  can  be  no  doubt  but  that  this  was  the  zodi- 
acal light     He  suspect  also,  that  this  is  what  the  ancients  called  Trade,,  which 
woul  they  used  foi  a  meteoi,  or  impiession  in  the  an  like  a  beam      Pj  n«   hb 
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the  angle  STA  having  been  obseived  gieitci  thin  90°,  Wmiibt  be  less  {In  j 
hA>  01  the  light  must  extend  to  a  distance  liom  the  bun,  gieitei  th  in  the  enth 
distance      Hence,  when  the  eaith  is  about  the  nodes  of  this  light,  01  the  point 
wheie  the  plane  ABC  intei sects  the  ecliptic,  it  will  be  immciscd  in  this  /om 
acil  light,  01,  as  it  is  also  called,  the  solai  atmospheie      M   de  MYIKAN  thini 
the  Aurora  Boreahs  depends  upon  this 

734    M  I\no  coiijcctuied,  that  this  appeuancc  aiibeshom  i  collection  <  * 
coipuscles  encompassing  the  sun  m  the  foim  of  a  lens,  leflecting  the  h<>hi  ^d 
the  sun      M  CASSINI  supposed  that  it  might  anse  fiom  in  infinite  numbt  i  * 
plincts  levolving  about  the  sun  ,  so  that  this  light  might  owe  its  existent  t  »  * 
these  bodies,  is  the  milky  way  does  to  an  mnumciable  numbei  ol  fixed  st  \> 
It  is  now  howevei  geneially  supposed,  tint  it  is  mattei  detached  fiom  the    i 
by  its  lotition  about  its  axis      The  velocity  of  the  cquitoiul  puts  of  the   su 
bung  thegieitest,  would  tluow  the  mattei  to  the  gieatest  distance,  ind,  on  t 
count  of  the  diminution  of  velocity  towauls  its  poles,  the  height  to  which  t! 
nuttei  \\oukl  theie  use  would  be  diminished  ,  and  as  it  would  piobibly  spit   »I 
a  little  sideways,  it  would  foim  in  atmospheie  about  the  sun  something  in  tli 
foim  ol  i  lens,  whose  section  peipendiculai  to  its  axis  would  coincide  with  11 
sun's  equatoi      And  this  agiceb  vciy  well  with  obseivation      Iheic  is  hovu  \* 
a  difficulty  in  thus  accounting  foi  this  phenomenon      It  is  vciy  well  knout 
tint  the  centnfugal  foicc  of  a  point  of  the  sun's  equatoi  is  a  gieit  many  tin 
less  thin  its  giavity      It  does  not  appeal,  thcicfoie,  how  the  sun,  fiom  its  i 
tition,  can  detach  an}  of  its  gioss  pu ticks    If  they  be  paiticles  detached  li>« 
tlie  sun,  they  must  be  sent  oft  by  sonic  othci  unknown  foice  ,   ind  in  th  it  c  t 
they  might  he  sent  oil  equally  in  ill  duections,  which  would  not  agice  with  tl 
obseived  hi>iuc       llio  cause  is  piobably  owing  to  the  sun'b  lotation,  althon  ,  . 
not  immeeli  itcly  to  the  centufugal  foice  aiismg  thciefiom 
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II.  p  26,  says,  EmiLant  Trabcs,  quos  docos  vacant  Des  CARTES  also  speaks  of 
a  phenomenon  "f  the  same  kind  M  FATIO  de  DUILLIER  obseived  it  immedi- 
ately aitei  the  discovciy  by  M  CASSINI,  and  suspected  that  it  has  always  ap- 
peaied  It  wxs  soon  afcei  ob.eived  by  M  KIRCH  and  EIMMART  in  Gemiany 
In  the  yeai  1707,  on  Apul  3,  it  wab  obseived  by  Mi  DERHAM  in  E&sex  It 
appealed  in  the  western  put  of  the  heavens,  about  a  quartei  of  an  horn  aftei 
bun  set,  m  the  foim  of  a  pyiamid,  peipendiculai  to  the  honzon  The  base  of  this 
pyiamid  he  judged  to  be  the  sun  Its  veitex  leached  15°  01  20°  above  the 
hoii/on  It  uas  thioughout  of  a  duskv  led  coloui,  and  at  fiist  appealed  pictty 
vivid  and  strong,  but  funtest  at  the  top  It  giew  faintei  by  dcgices,  and 
v unshed  ibout  an  hour  aaei  sun,  set  This  solai  atniospheie  has  also 
been  seen  about  the  sun  in  a  total  solai  eclipse,  a  luminous  ling  appealing  about 
the  moon  it  the  time  when  the  echp&e  was  total 

732    Let  HOR  be  the  hon/on,  S  the  sun  18°  below  at  the  end  of  twilight,      no 
then  will  AIO  icpu  sent  the  appearance  and  position  of  the  zodiacal  light  seen      178 
at  Puis  on  the  list  day  of  Februaiy,  and  sge  will  lepicsent  the  same  the  next 
morning  bcfoie  the  beginning  of  twilight,  the  sun  being  at  it  as  dcteimmed 
bv  M  dc  MAIRAN  in  his  ticatise  De  FAurore  Boreale     The  distance  &A  was 
then  about  90°,  and  10  about  20°     The  axis  AZ,  as  comcide  with  the  sun  s 
equitoi,  md  theiefoie  makes  an  angle  of  about  75°  with  the  ecliptic     Theie- 
foic  as  the  angle  which  the  ecliptic  makes  with  the  honzon  changes  at  draeient 
times  of  the  day,  the  angle  which  the  axis  of  this  light  makes  with  the  houzon 
will  uso  be  vanablc     Hence,  if  we  dcteimmc  the  angle  which  the  ecliptic 
makes  with  the  houzon  at  any  time,  it  will  give  us  the  position     If  we  set  a 
celestial  globe  to  the  hour,  it  will  show  us  its  position,  and  thiough  what  stars 
it  will  P  ws,  which  will  theiefoie  direct  us  veiy  accuiately  wheie  to  look  fin  it 
Ilenecitwill  be  most  visible,  csetens  panbus,  when  the  ecliptic  make*  the 
meatest  angle  with  the  honzon     On  Octobei  6,  1684,  M  FATIO  peiceived  Iho 
point  A  distinctly  tennmated,  the  angle  of  which  was  **'      M  EIMMART  oh. 
seived  the  sime  on  Januuy  13,  1694      En   1683,  when  M  CASSINI  fiist  ob- 
elved  it  SA  was  50°  01  60°,  and  10  about  8°  01  9°      In  1686  and  1687,  SA 
extended  fiom  90°  to  103°,  and  IO  wis  about  20°      On  Januaiy  6,   1688,  SA 
Hot  tppe  u  to  be  above  45°,  but  the  honzon  was  then  filled  with  fogs,  and 
Venus  shone  veiy  Inighl     The  appeaiance  therefoie  depends  upon  the  stete 
of  the  atmospheie,  and  situation  of  the  planets    which  may  pioduce  light 
enough  paitly  to  obscme  it     IO  has  sometimes  been  extended  to  30       M 
PiS,Pm  the  tonid  zone,  has  obseived  SA  to  be  120°     The  thickness  10 
ought  to  appeal  diffeient  at  difleient  times  of  the  year,  beeause  the  eaith  will 
be  in  a  diffeient  situation  in  lespect  to  its  edge 

733    Let  ABC  be  a  section  of  the  zodiacal  light  perpendicular  to  its  axis,  T    no 
the  eaith,  and  TA  a  line  drawn  to  the  highest  point  above  the  honzon ,  now     17» 
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tnely  disappcaied  It  was  obseived  by  T\CHO  BRUIL,  who  found  that  it  had 
no  sensible  puallax  ,  and  he  concluded  that  it  was  a  fi\ed  stai  Some  have 
supposed  that  this  is  the  same  winch  appealed  in  945,  ind  1264,  the  situation 
of  its  phcc  favoming  tins  opinion 

705  On  August  13,  1596,  DAVID  FABRICIUS  obseived  a  new  stai    in  the 
Ned  GjtiiL  Whale,  in  25°   15'  of  Anes,  with  15°  54'  south  htitude      It  disap 
peaicd  aftei  Octobci  in  the  same  yeai      PuocTiirors  IIoi  WARDA  discoveied  it 
igun  in  1637,  not  knowing  tint  it  had  evei  been  seen  befoie  ,  and  after  hav- 
ing diaippeued  foi  nine  months,  he  saw  it  come  into  view  again      BUIIIILDUS 
dcteimmcd  the  pcnodic  time  between  its  gieatest  bnghtness  to  be  333  days 
Its  gicatest  biightncss  is  that  of  a  stai  of  the  second  magnitude,  and  its  leist, 
thu  of  a  stu  of  the  si\th      Its  gicitest  device  of  biightncss  howevei  is  not 
ilways  the  sunc,  noi  iu  the  saint  pluses  alwiys  at  the  simc  mtcival 

706  In  the  yen   1000,  Wnn AM  JiNsiNiUb  discovcied  a  changeable  stai  m 
the  Neck  of  the  Swan     It  wis  seen  by  KIPLLR,  who  wiote  a  tieatisc  upon  it, 
and  cktci mined  its  phcc,  to  be  16°    18     ,  with  55°   30'  01  32'  noilh  latitude 
Riccroius  saw  it  in  1616,  1621,  1624  and  1629      He  is  positive  that  it  wis  in- 
visible in  the  last  yens  fiom  1610  to  1650      M  CASSINI  siw  it  again  in  1655  , 
it  mcicased  till  1660, and  then  gicwlcss,  and  at  the  end  of  1661  itdisappeaicd 
In  November  1665,  it  appealed  igun,  and  disappeaied  in  1681      In  1715  it 
ippeaicd  of  the  sixth  nugmtude,  as  it  does  at  picsent 

707  On   Tune  20,  1670,  inothei  change  ible  stai  wis  discoveied  neai  the 
hfrfiri's  I/tad,  by  P    ANIIIIIMI       It  dibippcucd  in  Octobei,    and  wu  seen 
igunon  Maicli  17,    1671      On  Scptcmbei   11,  it  disappcued      It  ippeaied 
igain  in  Much  1672,  ind  dmppeucd  m  tlic  sune  month,  and  has  nevci  since 

been  scon       It-,  longitude  was  1°   52'  26"  of   «  ,  and  its  latitude  47°  25'  22' 
N     The  diys  uc  heieput  down  foi  the  new  style 

708  In  1686,  Knicraus  obseived  ^  m  the  Swan  to  be  a  ch  mgcablc  stai ,  and, 
liom  20yeaisJ  obseivations,  the  pcnod  of  the  ictiun  of  the  sime  phases  was 
found  to  be  405  diys ,   the  vanations  o(  its  magnitude  howevei  weie  subject  to 
some  iiicgulaiity 

709  In  the  yeai    1604,  at  the  beginning  of  Octobei,  KPPLER  discoveied  a 
new  stu  ncai  the  heel  of  the  light  foot  of  Serpcntartus,  so  vciy  biilhant,  tint 
it  exceeded  evciy  fixed  stu,  and  even  TupiU.i  in  magnitude     It  was  obseived 
to  be  cveiy  moment  dunging  into  some  ol  the  eolouis  of  the  lambow,  except 
when  it  was  neai  the  hon/on,  when  it  was  gencially  white     It  gi  xdually  dimi- 
nished, and  disappcued  about  Octobci   1605,  when  it  cune  too  near  tlic  sun 
to  be  visible,  and  was  nevei  seen  aftei      Its  longitude  was  17°  40'  of  ^  5  with 
1°  56'  noith  latitude,  and  was  found  to  have  no  pai  illax 

710  MONIANABT  discoveied  two  stus  in  the  constellation  of  the   Ship, 
maiked  p  and  y  by  BAYER,  to  be  wanting      He  saw  them  m  1664S  but  lo&t 
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them  in  1668  The  star  0  in  the  t  ul  of  the  Serf&tl,  leckoued  by  Tycno  of  the 
thud  was  found,  by  him,  of  the  fifth  magnitude  The  atai  t  in  berpentanus 
did  not  appear,  from  the  time  it  was  obseived  by  him,  till  1695  1  he  stai  *  in 
the  7  ton,  aftei  disappeanng,  was  seen  by  him  in  1667  He  observed  also  that 
B  in  Medusa  s  Head  voued  in  its  magnitude  ».-««. 

711  M  GASSIHI  discoveicd  one  new  stai  of  the  fouith,  and  two  of  the  fifth 
magnitude  in  Quuopea,  also/we  now  atus  m  the  same  constellation,  of  which 
tlnee  have  disappeared ,  too  new  ones  in  the  beginning  of  the  constellation 
Fndanus,  of  the  fourth  and  fifth  magnitude ,  and  Jour  new  ones  oC  the  fifth  or 
slxth  magnitude,  neai  the  noith  pole  He  fmthcr  observed,  that  the  star, 
placed  by  BATE*  ne  11  *  of  the  Little  Bear,  is  no  longci  visible ,  that  the  Jtar  A 
atAwkamcda,  which  lud  duwppeated,  had  come  into  view  again  in  1695  fc  that 
in  the  same  constellation,  instead  oJ  out  in  the  Knee,  mailceu  »,  fteu  aie  two 
othois  domomoienoitheily,  and  that*  is  diminished,  that  the  stai  placed  by 
TYCJHO  at  the  end  of  the  Chain,  qf  Andromeda,  as  of  the  fouith  magnitude, 
could  then  scarcely  be  seen ,  and  that  the  stai  winch,  in  TYCHO'S  catalogue^  IB 
the  twentieth  of  Paces,  was  no  longei  visible 

712  M  MARALDI  obseived,  that  the  slai  *  m  the  left  leg  of  Sagittal  MS, 
marked  by  BAYER  of  the  thud  magnitude,  appealed  of  the  sixth,  m  1671 ,  in 
1676  it  was  found  by  Bi  HALLVT  to  be  of  the  third ,  m  1692  it  could  haidly 
be  perceived,  but  in  1693  and  1694  it  wxs  of  the-  fouith  magnitude     In,  1704 
he  discovered  a  ite  m  Hydra  to  be  periodical ,  its  position  is  m  a  right  Imp  with 
thoae  in  the  tori  marked  *  and  r    The1  time  between  tti  gi*teflt  kwfce,  tf  tlie 
fourth  magnitude,  was  about  two  yeais  j  in  the  intermediate  time  it  disappeaied 
In  <666^  IIiviiroB  says  he  could  not  find  a  stai  of  the  fomth  magnitude  m  the 
evstern  scale  of  Libra,  obseived  by  Ttcno  and  BAYER,  but  MABALDI,  in  1709, 
says,  that  it  had  then  been  seen  foi  15  ycais,  smallci  than  one  of  the  fbuiUi 

Seeifewi  d'Aslron  page  57 

713  J  GOODBICKT,  Esq  has  deteimmed  the  penodlc  vauation  of  Algol,  OL 
B  P«rwJ  (obsoivcd  by  MoNrANARi  to  be  vanable)  to  be  about  2<?  21/1     Its 
gieatestbnghtnesais  of  the  seqond  magnitude,  wd  bast  of  the  fo uij     It 
changes  fiom  the  second  to  the  fourth  m  about  throe  houis  and  a  half,  and  back 
Win  in  the  same  time,  and  lottuu  itfl  greatest  brightness  for  tafe  Qjhei  jut  of 
the  time     8ee  the  PM   Trans    17S3     In  the  Comotssance  fas  Temps,  foi 
1792,  M  dela  LANDEhas  given  the  following  Tables  to  find  the  time  when  the 
bnghtness  is  the  least  I  have  leduced  the  epochs  to  the  mortdlan  of  Gieenwtch 
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IABLES  OF  THE  VARIATION  OF  ALGOL 


EPOCHS 

MEAN  MOTION  I  OR  MONTHS 

TEARS 

D        H        M 

MONTHS 

D        II         M 

1796  B 

2        7      38 

Jinuaiy 

000 

1797 
1798 

1       11       25 
0      15      12 

f  ebiuaiy 
Much 

0      12      59 
1         5      10 

1799 

2      15      49 

Apul 

1       18         9 

1800  C 

1       19      36 

May 

0      10      19 

1801 

0      23      23 

Juno 

0      23      19 

1802 

0        3      10 

July 

2      12      18 

1803 

2        3      47 

August 

0        4      28 

1804  B 

0        7      34 

Septembci 

0      17      28 

Octobei 

2        6      27 

In  leap  year  we  must  add  a  day  to  the 
calculation   >n  January  and  Febunry 

Novembei 
Decerabci 

2      19      27 
1       11      37 

MEAN  MOTION  TOR  YEARS 

REVOLUTIONS 

YEARS 

D        II        M 

D          H        M          a 

1 

2        0      36 

1 

2       20      49         2 

2 

1        4      23 

2 

5       17      38        4 

3 

0        8       11 

3 

8       14      27         6 

4  B 

1         8      47 

4 

11       11       16         8 

5 

0      12      34 

5 

14        8         5       10 

6 

2      13       10 

6 

17         4      54       12 

7 

1       16      58 

7 

20         1       43       14 

8  B 

2      17      34 

8 

22      22      32       16 

9 

25       19      21       18 

10 

28       16      10      20 

ON  THE  FIXED   BTAUS 


714   Mi  GOODIE  also  discovered,  that  f  I0i&  was  subject  to  a  peuodic 

vauation      Ihe  following  is  the  losult  of  his  obseivalions     It  completes  all  its 

Chases  in  12  days  19  houis,  dunng  which  time,  it  undeigoes  the  following 

chanRes-1   It  is  of  the  thud  magnitude  foi  ibout  two  days -2  It  diminishes 

in  about  li  days  -S  It  is  between  the  fouith  and  fifth  magnitude  for  less  thm 

*d<xy  _4   It  incieases  in  about  two  dajs  -5   It  is  of  the  thud  magnitude  foi 

about  thiee  days -6  It  diminishes  m  about  one  day -7  It  is  something  largci 

than  the  fouith  magnitude  foi  *  little  less  than  a  day  ~8  It  incieases  in  about 

one  dav  and  thiee  quarteis  to  the  fiist  point,  and  so  completes  a  whole  penod 

See  the  Phtl    Aans   1785     He  his  ilso  found,  that  *  Ceplux  u  subject  to  a 

e  PJ  e/.  «>7i   i\ in  ins?  which  time  it  undej goes  the  following 
neiiodic  vuiition  01  id  OH  o  1 3,  u.ut»"fj  "  =»  „ 

changes     1  It  is  at  Us  gleatest  bnghtnoss  .bout  1  day  13  houis  -3  Tto  to 
nution  is  pe.foimod  m  about  1  diy  18  houis  ^3  It  » ;  at  ila  gieatestobscuia 
Uon  about  1  day  12  hours  -4  It  increases  m  about  13  houis     ltd  gieatest  and 
Lghtnesg  ts  that  between  the  Umd  and  fouith,  and  between  the  fouith 


7l  has  discoveicd.^mottobeavan^blestai,  With  i 

pcnod  of  7  dxys  4  houis  38  minutes  The  changes  happen  aa  follows  1  It 
n  at  it,  fficatost  bnghtnebs  4l±homs_2  It  decrease,  68  .thorns  -8  It*  at 
itaS,SUtn«5o±li««us-t  K  mciex.es  ,6  ihouu  When  most  bught 
rt  «  f  of  the  tliud  01  fcuith  migtutude,  and  whon  least,  of  the  fouith  01  fifth 


T        1796,  D,  no***  has  proposed  a  metiiod  of 
the  ch  mge.  that  may  happen  to  the  fc*ed  if*.  ,  W!th  A  catalogue  6i 
vtive  blghtncss,  in  oidci  to  osccitam  the  peima^cy  of  the:, 

the  PhA  Tram  1783,  upon^pioper 


to 


There  have  been  various  conjectures  to  account  foi  the  W*«*««[ 
the  chanKele  sl^s  M  KAUIEETUIS  supposes,  that  they  may  have  so  quick 
^±Td«S;7c«  axes,  that  the  centiuugalfoice  may  i  educe  tiiem  to  M 


ON  rur  rixro  STU*«I 


be  ilmosl  01  cnluelj  invisible,  and  then  become  iguu  viable  as  its  bioid  sid, 
u  tunied  towaids  u,  Othus  h  we  conjcctuicd,  lint  considei  ible  paits  ofthcu 
suif  ice  no  copied  uith  daik  spots,  so  tint  *hen,  by  the  lotation  of  the  stat 
these  spots  uepicsented  to  us,  the  st  us  become  almost  01  ontucly  invisible* 
Othei  hue  supposed,  tint  these  stus  have  veiy  luge  opaque  bod  ci  ,  icvolvm. 
about  and  neai  to  them,  so  „  to  obscuic  them  Mhen  they  come  in  conjunction 
>uth  us  I  he  megiuan'yof  the  phases  of  some  of  them,  shows  the  cause  to 
bevaiuble,  and  theicfoic  ma}  peilups  be  best  accounted  foi,  by  supposing 
that  a  gieat  pait  of  the  body  of  the  stai  u  corned  with  spots  wLhTpem 
md  disippeai  like  those  on  the  sun's  suiface  The  total  disappeai  mce  of  a 
stu  miypiobibh,  be  the  destiuction  of  its  system,  ami  the  ippcuance  of  a 
lieu  stu,  the  ci  cation  o/  a  new  system  of  phnets 

719    Ihe  fixed  sf  us  aie  not  all  evenly  spieid  iluongh  the  hcivcns,  but  the 
gicatu  put  of  them  aic  collected  into  cluslcis,  of  which  it  ie  macs  i  lame 
imgmf>itig  powei,  Mith  a  gic  it  quiuUly  of  light,  to  be  able  to  distinguish  the 
stais  sepu  itcly     With  a  sm  ill  m  igmfymg  powei  and  quantity  of  h  r|lt  thcv 
onlj  appear  small  whitish  spots,  something  like  a  small  light  cloud,  and  fiom 
thence  they  wcie  e  illed  Nebula      There  ate  some  nebulas,  ho*  cvei,  which  do 
1K      noticcmc  then  light  fiom  slais     In  theyeai  1656,  HUIGLNS  dibcoveitd  i 
176      iiebulun  the  middle  of  Chion'i  $wmd,  it  contains  only  seven  stais    and  tho 
otiiu  pait  is  a  blight  spot  upon    i  duk  giound,  ind  appeus  bke  an  openino 
into  bnghtei  ugions  be}ond       In    161J,   SIMON  MAHIUS  discoveied  a  nc 
bull  in  the  Gtrdk  of  Andromeda     l)i   HAJIIY,  when  he  wis  obseivim?  ihc 
southun  stus,  diseoveicd  one  m  the  Unlttut,  but  this  is  nevci  visible  in 
1'nghnd     In   1711,  he  found  molliei  in  Hawks,  neaily  in  i  line  with  (  ind 
«  of  Bvu  it       this  shows  itsclJ  to  the  inked  eye,  when  ihc  sky  is  cle«u  md 
tlu  moon  absent     M  CASSINI  discoveied  one  between  the  Cheat  Dog  and  the 
SA/j;,  which  he  discnbes  is  veiy  full  of  stus,  xnd  Veiy  bciutiful,  when  viewed 
\Mth  i  ,>ood  telescope     Ihcic  ue  two  whitish  spots  neai  the  south  pole,  called 
by  sulois,  the  Ma^llamc  Cloud*,  which,  to  the  naked  eye,  lescmble  the  milky 
wiy,  but  tlnough  telescopes  they  ippcu  to  be  composed  of  &tais      M  dc  la 
CAD  u  ,  in  his  c  u  ilogue  of  fixed  st  us  obsen  ed  at  the  Cape  of  Good  Hope,  h  is 
itmaiUd  4J  nebula,  which  he  obscivecl,  and  which  he  divided  into  thiee 
classes  ,  foui  tetn,  in  which  he  could  not  discovci  the  stais  ,  fourteen,  in  which 
he  could  see  i  distinct  miss  of  sfrus,  ind  fomteen,  in  which  the  stais  appealed 
of  the  sixth  raajnitndt,  01  below,  accomp  imed  with  white  spotb,  and  nebula; 
of  thefiist  md  thud  kind     In  the  Connoissance  dcs  Iemp!>,  foi   1783,  and 
I7b4,  theie  is  i  catalogue  of  103  nebnlc,  obhuved  by  MESSIER  and  MccriAiN> 
some  of  which  they  could  icsoh  e,  and  otlicis  they  could  not     But  Di   HERS 
CULL  has  given  us  a  catalogue  of  2000  nebula-  and  clustei  of  stars,  which  he 
himself  has  discoveied     Some  of  them  foira  a  lound  compact  system,  others 


'I' 
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aiemoiemcgulu,oi  vauous  foims,  and  some  ate  long  and  naiio*      The 
olobulu  systems  oi  stus  appeal  thiclci  in  the  middle  than  they  would  do  it 
the  stus  weic  all  at  equal  distances  fiom  exch  othci ,  they  ue  theieloic  con 
dcnsed  towudb  the  centei      That  the  stus  should  be  thus  iceidentally  dis 
posed,  is  too  nnpiobable  a  supposition  to  be  admitted  ,  he  supposes  theicioie, 
Out  they  aie  thus  biought  togcthd  by  then  mtuml  auctions    ind  that  the 
ffi  iduil  condensation  to^aids  the  centei   is  a  pioot  oi  a  eential  powci  of  sueh 
v  kind     He  i mthei  obseivcb,  that  theie  aie  some  additional  cucumstanQes  in 
the  ippeuxncc  oi  extended  clusteis  and  nebula,  that  wy  much  fxvovn  the 
xdea  of  a  powei  lodged  in  the  bugbtest  pait     Foi  although  the  ioim  oi  them 
be  not  globulai,  it  Ts  plainly  to  be  seen  tint  theie  ts  a  tendency  towaids  sphe 
ncity,  by  the  swell  oi  the  dimension  as  they  diaw  neai  the  most  luminous 
phcc   denoting,  is  it  weie,  a  comse,  pi  tide  of  btuft,  sotting  towards  ft  center 
AsthcstusinthesunenLbutemustbeveiyncaily  all  at  the  same  *cJrti^ 
distances  iiom  us,  vnd  they  appeal  neaily  of  the  same  size,  then  ieal  magm 
u  les  mutt  be  neuly  equxl    Gi  uitmg  theiefoie  that  the^e  ncbute  and  clmteis 
o^tusaiefoimcdby  then  mutinl  atti xetion,  Dx  IIpBScni i.  concludes  tfart 
ye  may  judge  oi  theu  lehtive  .gc  by  the  ^position  oi  tiieu  component  pats, 
those  big  the  oldest  wlneh  al0  most  comp^esbed     Ho  supposes  the  mi  ky 
w  ty  to  be  a  nebula,  of  which  0111  sun  is  one  of  its  component  stats     bee  the 

Phil  lians  1786  ind  1789  .    ,  ,  I 

720  Di  HLRScnLLhasdibeovoiedothciphtcnomenamthehcavcnswhichhe  | 

colls  Nebulous  &tars,  that  is,  staap  suiiounded  with  a  famtlummous  atmospheie,  ( 

oi  a  considerable  extent  Cloudy  01  nebula  stais,  he  obseives,  have  been 
mentioned  by  sevei  U  Astronomer  ,  but  tins  name  ought  not  to  be  applied  to 
the  objects  which  they  have  pointed  out  as  such  ,  ioi,  on  cx;mmaUon  Uiey  I 

pi  oved  to  be  either  clustus  of  stois,  01  such  appeal  vnces  as  may  le  wtoably  be  , , 

supposed  to  be  occasioned  by  a  multitude  of  stus  at  a  vast  distance     Ho  has  [ 

given  an  vccount  of  seventeen  oi  these  st  us,  one  of  which  he  has  Uius  dcsciibcc 
«  Novembei  13, 1790     A  most  singulai  pha,nomenon '    A  sl/u  ot  tiio  OIHM n 
magnitude,  with  a  iuntlummous  xtmospheie,  oi  a  ciicu  «u  foim,  and  oi  .Wt 
T^umctei      Ihe  stai  is  pcifectly  in  the  cente. ,  and  the  atmospheic  is  BO  di 

luted  iunt  ind  eqiul  thioughout,  that  theie  cvnbe  no  suimiseoi  its  consisting  ,j 

ofst-u      noi  cm  theie  be  i doubt  of  the  evident  connection  between  the  it 
llnhei'c  uid  ihc  si  u     Anolhei  stu  not  much  less  m  bnghtness,  and  in  the 
fi  d  of  view  with  the  above,  w*  P-^ctly  Hee  fiom  any  s;,h  appeal 


comow0xUc,nelySm,ll  vml  coraplc8scd 
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nous  points  which  occasion  the  nebulosity?  As,  by  the  foiraei  supposition,  the 
luminous  centiil  point  must  fai  exceed  the  standard  of  what  we  call  a  stai  so 
in  the  htlei,  the  shining  mattci  about  the  centei  will  be  much  too  small  to 
come  undei  the  sime  denomm  ition ,  we  theiefoie  either  have  a  cential  body 
which  is  not  i  stai,  01  a  in  which  is  involved  in  a  shining  fluid  of  a  natuit 
tol  illy  unknown  to  us  J  his  list  opinion  Di  IlLRscnn  adopts  Hie  existence 
ol  tins  shining  mattci,  he  says,  does  not  seem  to  be  so  essentially  connected 
•with  the  cential  points,  that  it  might  not  exist  without  them  Ihe  gieat  le 
semblance  thoie  is  between  the  cheveluie  oi  these  stais,  and  the  diffused 
nebulosity  theie  is  about  the  constellation  of  Orion,  which  takes  up  i  space  of 
moie  than  60  squaie  degiecs,  icndeis  it  highly  piobible  that  they  aie  of  the 
snne  natuie  If  this  be  admitted,  the  sepai  ite  existence  of  the  luminous 
mattci  is  fully  pioved  Light  i  effected  fiom  the  stdi  could  not  be  seen  it  this 
distance  And  besides,  the  outwudputs  aie  neaily  as  blight  as  those  neai 
the  stai  Iniinthei  confnmition  oi  this,  he  obseives,  Hut  a  clustei  of  stus 
\i  ill  not  so  completely  xccount  f 01  the  milluncss,  01  soft  tint  of  the  light  of 
these  nebultT,  is  a  self  luminous  fluid  llus  luminous  mattei  seems  moic  fit  to 
pioduec  i  stu  b)  its  eondensation,thin  to  depend  on  the  stai  foi  its  existence 
Theie  is  a  teleseopic  milky  May  extending  in  light  ascension  fiom  Sh  15  8  to 
Sit  39  i  ,  andm  polu  distrace  fiom  87  46  to  98°  10  Plus,  Di  HERSCIIEL 
thinks,  is  bettei  aceounted  loi,  by  i  luminous  mattei,  thin  fiom  a  collection  ol 
stus  lie  obseives,  tint  pcihaps  some  miy  account  foi  these  nebulous  stais, 
b)  supposing  tlnl  the  ncbulosit)  miy  l)c  loimcd  by  a  collection  ol  stais  it  au 
immense  chstmcc,  ind  that  the  centul  stai  may  be  a  neu  stai  accidentally  so 
pi  iced ,  the  ippeai  nice  lurvievei  of  the  luminous  put  docs  not,  in  Ins  opinion, 
it  all  fivom  the  supposition  thil  it  is  piodueed  by  a  gicat  numbei  of  stais  ,  on 
ihe  otlwhmd,  it  must  be  glinted  that  it  is  extiemcly  difficult  to  admit  the 
othci  supposition,  when  -\\e  know  nothing  but  a  solid  body  that  is  self  luminous, 
01,  at  leist,  tint  i  fixed  humnuy  must  immediately  depend  upon  such,  is  the 
flmu  of  i  cmdle  upon  the  cindle  itself  See  the  PM  Tram  1791,  foi  Dr 
Tluisenn  's  aecount 


On  iTie  Constellations 

721  As  soon  as  Islionomy  began  to  be  studied,  il  must  have  been  found 
necessaiy  to  divide  the  heavens  iiuo  scpuate  paits,  and  to  give  some  lepiesen 
titions  to  them,  in  oidei  that  \stionomeis  might  clescube  and  speak  of  the 
stii^i,  so  as  to  be  undci stood  Accoidingly  we  find  that  these  cucumstances 
took  place  \eiy  eaily  The  uicients  divided  the  heavens  into  Constellations,  01 
collections,  of  si/us,  uul  lepnesentcd  them  by  animals,  and  othci  figuies  accoid 
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imt  to  the  ideas  whu  h  the  di  positions  of  the  stais  sugges,  cd     We  find    ome 
oi  them  mentioned  by  Jon     vnd  ilthough  it  hu  been  di  putcd,  whcthci  oui 
U  m  htiou  bib  sometimes  given  the  tiue  meaning  to  tlic  Ilcbiew  woids,  yot  it 
is  Weed,  th>t  they  sigmly  the  constellations      borne  oi  them  oie  mentioned 
by*  OMI-H  uid  IlrsL,, but  ARATUS  piofessedly  tieits  of  01 the  ancient  ones, 
except  tluce  winch  weie  invented  afioi  his  time     The  mimbd  of  the  ancient 
constclhtions  wxs  48,  but  the  picsent  numbcz  upon  a  globe  is  about  70,  by 
reeufym.5  wlueh  (u.  will  be  iftuwuds  expl-unod),  ind  betting  it  to  conespond 
with  the  st-us  m  the  he  wcn8,  you  may,  by  compiling  them,  veiy  easily  get  a 
knowledge  of  the  difluout  constellations  and   tais       Those  «.»  whaeh  do  not 
com!  into  vny  of  the  c  onstell  itiom,  110  called  *tf»  wd  Vars    The  ^  s  visible 
to  the  ml  ed  eye  ue  divided  into  six  chsses,  accoiding  to  then  magnitudes, 
the  hirftst  lie  evlkd  of  the  fiibt  magnitude,  Uie  next  o/  the  second,  and  so  on 
JLhow,  which  cumot  be  seen  without  telescopes    aic  called ,lelcscoplC  S/brf 
I  he  st  us  ue  now  gcnei  illy  m  u  kcd  upon  m  xps  and  globes  vilh  BA.ru  s  leUci  s  > 
Ihe  hist  kttei  m  the  Gicck  uphabot  bang  put  to  the  gicxtcst  stai  of  each  con 
stellvuon,  the  seeond  lettei  to  the  next  giextest,  and  so  on    and  ^hcn  -tny 
mote  letteis  aic  *  vnted,  the  luhe  chu^tos  oic  genenlly  used ,  his  seivc^ 
x  nmie  io  the  stu,  by  winch  it  m vy  be  pointed  out      Iwelve  of  these  constel 
lHaonshcupon  the   ecliptic,  including  a  spico  about  15    bioad,  cvlled    ho 
/odm,  within  which  01  the  pluuts  move      ihc  conslelhUou  A  ncs   at ho 
JKoffi,  iboul  20CX)  ycais  ago,  1 1)  in  Uio>t/  sign  of  UK,  eehpue ,  but  on  account 
ofS  luccossion  of  the  Iquinit,  it  now  hes  m  Uio  ^^     ^e  Mowing  are 
the  n  ulic.  of  the  constellations,  w>d  the  mimbei  oi  the  stais  ofcaved  m  them 
by  difldenl  Astionotneis     ^rtlffiWm  was  made  out  of  Uie  unfoimcd  etais  neat 
Luto     uul  Coma  Sumac*  out  of  the  untamed  stais  neai  Ihe  Lion  sZatl 
They  aieboth  mentioned  by  Pion  MV,  but  is  unfoimcd  stais     The  constclla- 
lions  asfu  as  the    luuifele,  vith  Comi  Berenices,  aic  w  Ihnn,  Ihpse  aflci 
Piscts,  ue  southern 
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IIIL  ANCILN1  CONSTEILATIONS 


Ui&  i  Mmoi 

Uisa  Mijoi 

Di  dco 

C<Epheus 

Bootes 

Coioni  Boieilit, 

Hei  culcs 

Lyia 

Cygnus 

Cas&iope  v 

Peiseus 

Amiga 

Seipentums 

Seipens, 

Sagitta 

Aquila 

Antinous 

Delphmus 

JEqi  ulus 

Pegasus 

AncliomccU 

Jiimgulum 

Anes 

Tauius 

Gemini 

Cancer 

Teo 

Coma  Beicmccs 

Vngo 

Libia 

Scoipius 

Sigittanus 

Capucoinus 

Aquaims 

Pisces 


The  Little  Beai 

The  GieatBcai 

The  Diagon 

Cffipheus 

Bootes 

The  Noithein  Ciown 

Ilei  culcs  kneeling 

The  II  up 

The  Swin 

1  he  Lady  in  hei  Chvu 

Pei  sous 

The  Waggonei 

Soi  pent  urns 

The  Serpent 

The  Aiiow 

The  Eagle 

Antmous 

The  Dolphin 

I  he  IIoisc's  Head 

The  I1  tying  Iloise 

Andiomccla 

The  Tnangle 

The  Ram 

The  Bull 

The  Twins 

The  Ciab 

The  Lion 

Bci  emce's  II  air 

The  Vugm 

The  Sciles 

The  Ibcoipion 

The  Aichei 

The  Goat 

The  Watei  beaier 

The  Pishes 


PlOLEMY 

IYCIIO 

Ilpvruus  Ti 

tMSTEi 

8 

7 

12 

24 

35 

29 

73 

87 

31 

32 

40 

80 

13 

4 

51 

35 

23 

18 

52 

54 

8 

8 

8 

21 

29 

28 

45 

113 

10 

11 

17 

21 

19 

18 

47 

81 

13 

26 

37 

55 

29 

29 

46 

59 

14 

9 

40 

66 

29 

15 

40 

74 

18 

13 

22 

64 

5 

5 

5 

18 

15 

12 

23 

71 

3 

19 

10 

10 

14 

18 

4 

4 

6 

10 

20 

19 

38 

89 

23 

23 

47 

66 

4 

4 

12 

16 

18 

21 

27 

66 

44 

43 

51 

141 

25 

25 

38 

85 

23 

15 

29 

83 

35 

30 

49 

95 

14 

21 

43 

32 

33 

50 

110 

17 

10 

20 

51 

24 

10 

20 

44 

31 

14 

22 

69 

28 

28 

29 

51 

45 

41 

47 

108 

38 

36 

39 

113 
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HIE  ANCIENT  CONSTELLATIONS  CONTINUED 


PIOU.MY       licno 


Cetus 

Oiion 

Lndanus 

Lepus 

Cams  Majoi 

Cams  Minoi 

Aigo 

Ilydia 

Ci  vtci 

Con  us 

Centauius 

Lupus 

Aia 

CoionaAustiata 

Piscib  Austiahs 


IhcWlule  22 

Oiion  38 

End  urns  "4 

The  Ilaie  12 

ThcGicitDog  29 

Ihe  Tittle  Dog  2 

Pho  Ship  45 

Ihe  Hydia  27 

Ihe  Cup  7 

Iho  Ciow  7 

The  Contaui  57 

I  he  Wolf  19 

The  Altai  7 
Ihe  Southern  Ciown       13 

The  Southern  lush  18 


21 

42 

10 

13 

13 

2 

3 

19 

5 

4 


nius 

ItUlSTEU) 

45 

97 

62 

78 

27 

84 

16 

19 

21 

31 

13 

14 

4 

64 

51 

60 

10 

31 

9 

5* 

24 

9 

12 

11 

THE  NEW  SOUTHERN  CONSTLLLAlIONb 


Columba  Nioclu 
Robui  C-uolmum 

GlUS 

Phoomv 

Indus 

Pxvo 

Apiw,  Am  Indica 

Apis,  Mttsca 

Chameelcou 

Ti  langulum  Austi  ilia 

Piscis  volans, 

Doi  ulo,  Xiplnas 

Toucan 

Ilydius 


Noah's  Dovo 

Iho  Royal  Oak 

Jhc  Ciine 

Hie  Phoenix 

1  he  Indian 

I he  Peacock 

ThoBudof  Puodisc 

Iho  Bee  01  Fly 

Jlhc  Chameleon 

The  South  Tnangle 

1  ho  Flying  lush 

The  Swoid  Fish 
Ihe  Aracncan  Goose 
Ihc  W-xtoi  bn  ike 


10 
12 
13 
IS 
12 
14 

n 

i 

10 

5 
8 
6 
9 
10 


•500  ON    HIL   CO  ^TLLL  UIO\S 

JILVELTUSi,  CONS1LLLA1IONS 
Made  out  qj  the  Unjormed  Slat  y 


HCVILIUS  1  1  \M  TI   r 

1  he  Lynx  19  4,4 

Leo  Mmoi                     The  Little  Lion  53 

Astoiou  md  Chui        The  Greyhound-*  23  25 

Ceibeius  Geibeius  4 

Vulptcuh  in  d  Ansci     The  Fox  ind  Goo°e  27  35 

Scutum  Sobiehlu  Sobicsla  s  Shield  7 

Liceita                          The  Liz  ml  16 

Camelop  luhlus             riicCimelopaid  32  58 

Monocaos                    1  he  Unicorn  19  si 

Sextms                          Ihc  Scvtint  11  41 

Besides  the  Icttcis  which  -no  piefhed  to  the  stais,  many  of  them  h  ive  n  wnes, 
is  Regulusi  Sijnu^  Arclurui,,  he 


722   Krprri^whowas  iftei  wai  ds  in  this  conjectuie  followed  by  Di    HAT- 
i  BY,  his  made  i  veiy  ingenious  obseivation  upon  the  nngmtucles  and  distinccs 
of  the  fixed  stm     He  obseives,  tint  theie  can  be  only  is  points*  upon  the 
smfice  of  i  spheic  is  fu  distinthom  cich  othei  as  fiom  the  eentei  ,  ind  sup 
posing  the  neatest  fixed  slus  to  be  as  fu  fiom  cich  othei    vs  Iiom  the  sun,  he 
concludes  tint  theie  cm  be  only  IS  stais  of  the  fust  magnitude     Hence,  if. 
twice  tint  distmcc  fiom  the  sun,  theie  miy  be  placed  foui  times  u  many,'  01 
52,  it  thicc  times  Hut  distance,  nme  times  ob  many,  01  117,  and  so  on 
Ihese  numbcis  will  give  pietty  nearly  the  numbei  of  stus  of  the  fust,  second, 
thml,&c  magnitudes      Di   IlALLTYfiuthei  ictnaiks,  tint  if  the  numbei  of 
^tus  be  unite,  ind  occupy  only  i  put  of  space,  the  outwaid  stais  would  be  con 
tinnollj  itti  icted  tow  mis  those  which  ne  within,  and  in  pioce&s  of  time  they 
would  coilescc  and  unite  into  one     But  if  the  numbei  be  minute,  and  they 
occupy  an  infinite  space,  all  the  paits  would  be  neaily  in  equilibno,  and  cont,e 
quently  each  h\ed   stai    being  di  iwn  in  opposite  directions  would  keep  its 
pi  ice,  01  move  on  till  it  had  found  an  eqiuhbuum     P/ul  Jram,  N    364 

*  It  is  not  he»e  to  be  undei  stood  that  tlieic  can  be  13  punts  upon  the  juifiee  of  a  sphere  emndi 

So  Hi  %  rd,fl°m  tUC  CCntei  °f  the  Sphe'C  bUt  °nly  tlnt  12  Ccluldl!'tt"t  ^  ™  1  bc  «* 

nt      f     "?,  C       °thCr  f1^  fr°m  ^  tentei     q°  Uldt  lf  the  e  W™  ^  rc(lu«d  to  the  ,  ,me 
ancoTj  fiom  the  center    there  would  be  ka  a  space   gzeate,   tlnn  the  othei  spvces    mto  Wh,ch 
might  put  anothei  point  but  not  under  the  oucnmstance*  of  the  i  c  t 


ON    THE  CATALOGUED   OF    1HL  IlXLfc 

On  00  Catalogues  qftlie  Fixed  Slats 


-  -Id  not 
»  .nsuun.e.t  to 


, 
wluch  1,;  observed,  he  com 


n  l^til;  "id  lo^itucfcs  fiom  Uxcu  obBozved  nght  ascend  and 
puta     hcu  hljtad"  ;nd  ion,  g  ^  rf  77?         Wa9 
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his  insUumcnt  wis  vciy  laige,  and  conducted  with  gieat  accmacy,  yet  not 
hiving  pendulum  clocks  to  meisuic  Ins  time,  Ins  obsemtions  cannot  be  vciy 
accuiate     The  next  calilogue  wis  that  o/  II  P  RJCCIOIUS,  winch  was  taken 
fiom  rrcno  B,  except  101  ,Ub  winch  ho  himself  had  ob  eived      HEVELIUS  o( 
Dvntzick  m  1690  published  a  catalogue  of  19.O  stai  ,  of  winch  950  wcic 
known  to  the  ancient,  ,  603  hp  call,  h*  own,  because  they  had  not  been  ac 
qmatcly  obseived  by  any  one  befo.e  lumsdf,  and  377  of  Di   HAT  LI.Y  which 
weie  invisible  to  us  hemisphcie       Lhcu  places  weie  fked  fox  the  jeai   1660 
The  Bnluh  Catalogue,  winch  wxs  pubhahul  by  Mi   IIAMSTDAD,  contains  3000 
stais,  lectified  foi  the  ycai  1689     Ihcy  me  distinguished  into  seven  degiec.  of 
magnitude  ,  of  which  the  seventh  dogioo  uo  telescopic)  m  then  piopei  constcl 
latious      Iks    cilUoguc   is  mou    coned   thin  any  of  the  otheis,  the   ob 
suvitions  having  been  mule  with  bcttei  installments      He  also  pubh  hcd  an 
Atlas 


j    01  mips  of  the  ,tus,  in  which  each  stu  is  hid  down  in  Hs  tme 
plice,  uid  delineated  of  its  own  mignitudc     1  ich  stai  18  maikccl  with  i  let 
tei,  begmmng  with  the  fust  lettei  a  o(  the  Gicok  alphabet  ioi  the  lajgest  stn 
of  each  constellatiou,  and  so  on  iccoidiug  to  then  magnitudes,  following,  m 
thisiospcct,  the  chuls  of  the  same  land  which  wcie  published  by  J  BAYLII    t 
Geimui,  m  160S      In  the  you   1757,  M  de  h  CAILLE  pubhshecl  hw  lunda 
men/a  Asttonoma,,  m  which  theic  is  a  e  it  iloguc  of  397  stais  ,  and  m  1763  ho 
published  a  catalogue  of  1942  southern  stus,  fcom  the  tiopic  of  Capricorn  to 
the  south  pole,  with  then  nght  isccusions  and  dechtntions  foi  1750      He  also 
published  i  c  it  iloguc  oi  /odi  ic  U  si  n  s  in  the  LpJu.met  ide*  fi  om  1  76  5  to  1  774 
M,    MAYI  n   tlso  pubhbhcd  i  c  it  iloguc  oi  600  /odi  ic  U  stais     In  the  Naubrnl 
Almanac  foi  1773,  thcu  is  published  i  citUoquo  of  380  ,tais  obseivcd  bv  Di 
JiRADLn,  with  then  longimdcs  and  1  ititudes      In  the  yen  1782    J  L  BODL 
Astionomci    it  Bcihn,  published  i  set  of  Uksiial  Charts,  containing  a  gicatci 
numbci  of  stais  thm  m  those  of  Mi  liAMsri  AD,  withminy  of  the  double  stus 
ind  ncbuk     lie  also  published,  m  the  sune  woik,  a  catalogue  of  stais    tint 
ofl'iAMsirAD  being  the  found  itton,  omitting  some  stais,  whose  potions'  wcie 
left  incomplete,  md   vHcimg  the  numbeis,  of  othcis,  to  which  he  Ins  added 
stus  flora  Ilivrr  ius,  M  dc  h  CAILLL,  M\YEB  and  otheis     In  the  yeai  1775 
theic  was  published  at  Bcihn,  a  woik  entitled,  Recuttl  de  Talk?  Asironammiej 
in  which  is  contimcdavuyluge  catxlogue  of  stdi&  fiom  HEVEIIU,    ILAM' 
srEAD,  M  de  h  CAILLP,  md  Di   BBADIBY,  with  then  1  ititudes  and  longitudes 
foi  the  beginning  of  1800,  with  a  citilogue  of  the  southein  stais  of  M  de  la 
CAILLE  ,—  of  double  btais  ,—  of  changeable  st  ns,  and  of  nebulous  stais      Tins 
is  a  vay  useful  Woik  foi  the  Piachcxl  Astionomei      But  the  most  complete 
cat  iloguc  is  that  published  by  the  R&v  Mi   WOLLASION,  F  R  S  m  1789  en 
titled,  A  Sjpecunw  of  a  General  dsfronomical  Catalogue,  arrange!  m  Zones  o/ 
North  Polat  Dulance,  and  adapted  to  Janumy  1,  1790,  contamwf,  aCompara 


ON  TUT  ppoprn  JU-OJ/OA  or  nrr  irvED    T\as 

1u,v  o/  tfie  Afcflrt  Position  of  Sims,  Nebula,,  and  Cluitos  of  Stars,  a? 
COM&  ouf  upon  Calculation  fiom  Uie  lalkt  of  several  principal  Obsenen 
By  vu  in^inf,  the  stus  into  ^oncs  pu  xllel  to  the  equatoi,  an  obseivcr,  \uth  his 
telescope  on  vu  c(|uxtoual  si  mil,  will  hive  the  stus  piss  thiough  m  the  oidcr 
m  which  he  tads  them  m  the  cxtxloguc,  by  which  ho  will  moio  ic-xdily  find 
out  what  he -wauls,  bung  picpavcd  ioi  its  ippcaimce      The  first  Txble  con- 
tains a  cxt  xlogue  oi  the  mean  nght  ascensions  ol  %  pimcipal  stus  foi  Jxnu-uv 
1,  1790,   x    bottled  by  Di    MASKIIANE,  with  then  annu  xl  piccessions,  and 
piopoi  motions      I  he  second  lible  contains  the  gonei  xl  catalogue  oi  all  the 
staib  whose  pi  ices  have  been  well  wcciUuned,  topcthci  \vith  those  nebul-B  xnd 
clustcib  of  stu-,  which  can  easily  be  seen  by  \  good  common  telescope,  with 
thcu  nght  ascensions  and  noith  polu  distances,  xnd  Uien  xnninl  piccessionb , 
•Jso  then  magnitudes,  and  tiie  inimbet,  name  01  chaiactci  oltlic  object,  and 
by  whom  it  w  is  obseived      Ihe  thud  I  ible  contains  in  index  to  the  stus  in 
the  Butish  Citeloguo,  iJeiung  to  the  /one  ol  noith  polai  dibtance  m  nhich 
each  is  to  be  iouud      The  louith  1  xblc  contuns  xn  index  of  those  stais,  m  M 
de  la  CAIILI'S  Jund uncut U  (.xtxlonixe,  wluch   u e  not  m  1 1  \MSTI  AB'S      Hit 
filth   Ixble  contuns  IIAMBIIADI.  IJuUsh  Cxlxlogue,  and  M   dclaCAiurs 
Bouthoiu  cxtxloguc,  with  xbout  eighty  ciieumpolu  stais  iiom  UIVLLIUS  wlucb 
hxd  been  omitted  by  Ir  AMSII  AD,  uiaii  ed  in  Lheu  oida  ot  light  xsecnbions  in 
time  ioi  Jmuuy  ],  1790      Hie  wxth  L  xblc  coutxtus  x  cxtxloguc  oi  the  zodi 
ixcal  stais  Ioi  9°  oflatitude,  an  xnged  in  then  oidei  of  longitude  ioi  Jxuuaiy  1, 
1790      Iho  whole  concludes  with  A  plan  foi  examining  the  heavens,  piopo&mg 
tint  difteient  peisous  should  undeitike  difFeient  zones  and  examine  thorn  veiy 
minutely  ,  luoinmcnding  a  system  of  WHOS  in  a  telescope  which  he  has  found 
veiy  convenient  ioi  thxt  puiposc      Ihe  Piaotical  Astiouoraoi  ib  undci  veiv 
gieatobligxtionstoMi  WODLAS»ON  foi   o  useful  and  complete  a  Woik 

On  tfo  Propci  Motion  of  Ihe  Fi\cd  Slars 

724  Di  MASKILTOI,  m  the  exphnation  md  use  of  hu  Tables  which  far 
publibhcd  with  the  fiist  Volume  oflus  Observation,  obseives,  Hut  many,  if  not. 
ill  the  fixed  stus,  hive  small  motions  among  themselves, which  aie  cOledtnen 
Proper  Motions ,  the  c  mse  xnd  laws  of  which  aie  hid  foi  too  piosent  m  almost 
equal  ob&euiity  Iiom  compumg  1m  own  obseiv xtaons  at  that  fame  with  those 
oiDi  BRADirv,  Mi  ILAM&TEAD,  and  M  ROLMIH,  he  then  found  the  annual 
pioper  motion  of  the  following  btaib  m  light  ascenwon  to  be  of  5»w6-0 ,69, 
of  Caslor-OJS,  of  ^ocyon-o.8,  of  PoBia-0,98,  of  ^^-0,41,  oi 
Areluna-l  ,4,  and  of  «^«^  +  0 ,57 ;  and  of  *rm>  m  noijh  polai  djBtancra 
1 ,20,  ind  of  Arclurw  2 ,01  botli  south waids  But  since  that  time  he  had 
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continued  lus  obseivitions,  and  fiom  a  catalogue  of  the  me  in  light  ascensions 
oi  36  puncip  il  tus  (which  he  ootnmunic  itcd  to  Mi   WOLLASTON-   mdu  found 
in  his  Woik),  it  ippcus  tint  3?  of  themluvc  ipfope?  motion  in  light  ucension 
725   In  the  }eai  U5k>,  M  MAYLR  obseivcd  30  stiu,  vud  compiled  them 
with  the  obscmtions  of  ROIMUI  in  1706    M  MAYLR  is  of  opinion,  tint  (fiom 
the  goodness  of  the  instalments  with  which  the  obgcivitions  weic  maclc)whuc 
the  dibigiccmcnt  is  at  lewt  10  01  15  ,  it  is  a  veiypiobible  indicition  of  a  pio 
pei  motion  of  such  a  stai      He  fuithei  xdd  ,  that  when  the  dmgicemenl  is  so 
gi cat  as  he  lus  found  it  m  some  of  the  stais,  amongst  which  is  Fomahand 
\vheic  the  difkience  wis  21  m  50  ycais,  he  has  no  doubt  ol  i  piopei  Motion 
Di    IlLHoCiiiL,  following  M\yni's  judgment  of  his  own  md  ROLMLR'S  ob«ei 
\  itions,  hi    complied  the  obseivitions,  and  leaving  out  of  his  account  ill 
those  stu  winch  did  not  show  i  disigicemcnt  imonnrunj  to  10  ,  he  found  that 
56  of  them  hid  i  piopu  motion     1'iom  thence  he  attempts  to  doduce  the  mo 
tion  of  the  solu  system  in  the  following  irunnea 

nr  7%  If  the  sun  he  fust  at  S,  ind  then  move  fiom  S  io  C  in  the  line  All, 
177  a  stu  at  s  would  ippeai  to  move  fiom  a  to  b  hence  if  we  suppose  BKAI  to 
be  the  ecliptic,  my  stu  in  the  semienele  BKA,  supposing  tint  to  be  the  cider 
of  the  sign  ,  will  hive  its  longitude,  leekoned  from  the  point  to  which  the  sun 
is  moving,  mcieiscd,  but  a  stxr  m  the  othei  semicntk;  will  have  its  longitude, 
fco  icckoned,  diminished  Ihose  st us  which  do  not  he  in  the  ethptic  would 
have  then,  latitudes  iltoicd,  those  would  be  incieised,  tow  ndb  which  the  &ua 
wis  moving,  md  those  diminished,  fiom  which  it  was  icccdmcf  1  he  effect 
\/ill  be  loss  m  piopoitton  as  the  distance  of  the  stiu  is  gic  itci,  ind  abit  is  ucuer 
to  //  and  B  in  angular  distmce  These  would  be  the  ippen  mces,  if  the  stus 
themselves  weie  at  lest,  but  if*  any  of  them  be  in  motion,  these  effects  will  be 
tltered  accoidmg  to  then  motion  compaicd  with  the  motion  of  oui  sun 
tSome  of  them  theicfoic  fiom  then  own  piopei  motions  might  destioy,  01  moic 
thin  countci ict  the  effects  nismg  fiom  the  motion  of  the  sun,  and  ippcuto 
hive  morons  contiuy  to  whit  is  heie  desciibed  Like  effects  will  be  pio 
duocd,  if  oui  sv  tern  move  m  my  dnection  out  of  the  ecliptic  Hence,  in 
whatever  diicetion  our  ystcm  should  move,  it  would  be  veiy  easy  to  find  what 
effect  of  latitude  and  longitude  would  h  we  taken  place  upon  any  stai  by  means 
of  a  celestnl  globe,  by  conceiving  the  sun  to  move  fiom  the  centei  upon  iny 
ladms  dnected  to  the  point  to  -which  the  sun  is  moving  Di  Hniscmr  dc 
scnhes  the  effect  thus  Let  an  u  c  of  90°  be  applied  to  the  uif  ice  of  a  globe, 
and  alwajb  passing  thiough  that  point  to  which  the  motion  of  the  system  is 
duectecl  Then  whilst  one  end  moves  along  the  equatoi,  the  othei  will  de 
scube  icmve  passing  through  its  pole  andieturning  into  itself ,  and  the  stais 
in  the  noithun  hemispheie,  within  this  ciuvc,  will  appeu  to  move  to  the 
noith  ,  md  the  lest  will  go  to  the  south  A  sirmhi  cuive  may  be  described  m 
the  southern  hemisphcit,  and  like  appearances  will  take  place 
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727   Now  Di   HcuscnTL  fiist  tikos  the  seven  stais  bofoie  mentioned,  whose 

propci  motions  Ind  been  detci  mined  b>  Di  MASKEI^NL,  and  he  finds,  Until 

the  point  A  be  assumed  ibout  the.  77   of  light  ascension,  and  the  sun  to  move 

fiom  S  to  C,  that  it  will  iccount  foi  alt  the  motions  m  light  ascension     And 

if  instead  of  supposing  the  sun  to  move  in  the,  pi  me  of  the  cquatoi,  it  should 

ascend  to  a  point  neu  toy  Ilacvlis,  it  will  account  foi  the  obscucd  change  of 

declination  oi  SI/IMJ  and  Arctww     In  respect  to  the  quantity  of  motion  of 

each,  that  must  depend  upon  then  unknown  iclatnc  distinces  ,  he  only  j  eaks 

hcic  of  the  dilutions  of  the  motions 

728    He  next  takes  twelve  st  us  from  the  cat  iloguc  of  56,  who  e  piopci  mo 
tions  have  been  dctcimmcd  fiom  a  companson  of  the  obscivitions  of  EOCMER 
and  MAYLH,  and  adds  to  them  Reguliu  and  Castor,  those  hive  ilia  proper 
motion  in  light  ascension  and  declination,  except  Regains,  \vlnch  his  none  in 
declination     Of  these  27  motions,  Ihe  above  supposed  motion  of  the  &olai 
system  will  satisfy  22      Ihcio  ale  al&o  some  icmukxble  cucumstancos  m  the 
quanltlM  of  these  motions     shcluius  and  Sw  «»  bung  the  Ingest,  and  llieic 
faio  piobxbly  the  newest,  ought  to  have  tho  gicatest  appucnt  motion,  and  so 
wo  find  they  hive     Also  Aictnuis  is  boltu  situ  itcd  to  have  a  motion  IP  nght 
ascension,  and  it  has  thegicitcst  motion     .Scvcial  other  a?iccments  of  the 
tame  kind  aie  found  also  to  t  Ac  place     But  thcie  is  v  veiy  icmxikable  en 
cumstanco  in  icspect  to  C  vstoi      C  istoi  is  i  double  stai  ,  now  how  axUaoidi 
naiy  must  appear  the  concuiience,  th  xt  two  such  stai  9  should  both  have  i  piopei 
motion  so  exactly  alike,  that  they  havo  ncvoi  been  found  to  vary  a  single  second  f 
DUB  seems  to  point  out  the  common  cause,  the  motion  of  the  solar  system 

729  Di  IlrnscnEL  next  takes  32  moie  of  the  same  catalogue  of  SQ  ston,  ind 
showb  tint  then  motions  -xgiee  veiy  well  with  his  supposed  motion  of  the  soloi 
system     But  the  motions  of  the  othci  12  stois  cannot  be  accounted  for  upon 
this  hvpothcsis     In  these  thcieioic  he  supposes  the  effect  of  the  solai  motion 
has  been  decoyed  and  eounteiacled  by  then  own  piopei  motions     The  samo 
mxv  be  said  of  19  stais  out  of  the  82,  which  only  igiecs  with  tho  so  ai  motion 
one  way,  and  aie,   is  to  sense,  at  lest  the  oiha      According  to  the  ittlos  at 
philosopln/mg  theiofoie,  winch  ducct  us  to  icfcx  all  phenomena  to  M  i  few  and 
simple  pnnciples  as  ire  sufficient  to  oxpl  un  them,  Di   HuuKnm,  tlnnks  we 
audit  to  admit  the  motion  of  the  solu  sjstcm      Peihaps  howevei,  this  a!gu 
rnTnt  cannot  be  pjopeily  applied  hoie,  because,  theic  is  no  new  cause  01  pun 
ciple  intioduccd  by  supposing  each  stai  to  have  a  piopex  motion     Admit  ng 
the  doctrine  of  umveisal  giavitation,  th  e  fixed  stais  ought  to  move  as  well  as 
the  jnn     But  the  sun's  motion,  as  hue  csbmxtcd,  cannot  be  croing  to  the 
actaon  of  a  body  upon  it  which  night  give  it  a  lotatoiy  motion  at  the  same 
time,  as  M  de  la  LANDE  conjertmes,  becaii&e  a  body  acting  on  the  wnto 
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give  it  its  lotation  about  its  axis,  would  not,  it  the  sime  time,  give  it  th  it  pio 
giessive  motion     SeeDi  HrnscHEj's  Account  in  the  Phil  Irani,   1753 

730  Let  us  now  consiclci,  how  fu  this  motion  of  the  sohi  system  i<neeb 
with  the  piopei  motion  of  the  J5  sUis  detu  mined  by  Di  MASKELYNT  Now 
upon  supposition  that  the  Min  moves,  is  conjtcluicd  by  Di  Hi  RSCIILL,  that 
motion  will  iccomit  foi  the  motion  of  20  of  them,  so  fu  as  legaids  then  diiec 
tion,  but  the  motion  of  the  othei  15  is  contmy  to  tint  which  ought  to  inse 
fiom  this  supposition  As  some  of  the  stus  must  hive  a  piopoi  motion  of  then 
own,  even  upon  the  hypothesis  of  a  solu  motion,  ind  winch  piobiblj  inses 
fiom  then  mutual  atti  action,  it  is  veiy  piobable  tint  they  have  all  a  propel  mo 
tion  fiom  the  same  cause,  but  most  of  them  so  veiy  small  is  not  yet  to  hive 
been  discoveied  And  it  might  ilso  happen,  that  such  a  motion  might  be  the 
sime  as  lint  which  would  inse  fiom  the  motion  of  the  solai  system  Yet  if 
must  be  confessed,  that  the  cncumstince  of  Castor,  ind  the  motions  both  m 
light  iscension  and  declination  of  many  of  the  stais  being  such  as  anse  fiom 
this  hypothesis,  with  the  appaient  motion  being  gieitest  of  those  stais  which 
aie  piobably  neaiest,  foima  stiong  argument  in  its  fivoui 

On  the  Zodiacal  Light 

V31    The  Zodiacal  Light  is  a  pyiamid  of  light  which  sometimes  appeals  m 
the  moinmg  befoie  sun  use     It  has  the  sun  foi  its  basis,  and  in  ippc  uince  xe 
sembles  the  Aurora  Borealis      Its  sides  ne  not  stiaight,  but  a  little  cuived, 
its  figuie  lesembhng  a  lens  seen  edgeways     It  is  gcneiilly  seen  heie  ibout 
Octobci  and  Much,  that  being  the  tune  of  om  shoitest  twilight,  foi  it  cannot 
be  seen  in  the  twilight ,  and  when  the  twilight  lasts  a  consideiible  time,  it  is 
withdrawn  before  the  twilight  ends      It  was  obseived  by  M  CASSIA,  in  1683, 
a  little  befote  the  vcinil  equinox,  m  the  evening,  extending  along  the  ecliptic 
from  the  sun     He  thinks  however  that  it  has  appealed  foimerly  and  afteiwaids 
disappeiied,  fiom  an  obscivafaon  of  Mi  J  CIIILBREY,  in  a  book  published  m 
1661,  entitled,  Britannia  Bacomca     Ho  says,  that  "  in  the  month  of  Febiuaiy, 
ioi  several  yens,  about  six  o  clock  in  the  evening,  aftei  twilight,  he  saw  a  path 
of  light  tending  fiom  the  twilight  towauls  the  Pleiades,  as  it  weio  touching  them 
This  is  to  be  seen  whenevei  the  weathei  is  clen,  but  best  when  the  moon  does 
not  shine     I  believe  this  phenomenon  has  been  foimeily,  and  will  hci  carter 
appeal  always  at  the  abovementioned  time  of  the  yeai     But  the  c  RISC  and 
natuie  of  it  I  cannot  guess  at,  and  theiefoie  leave  it  to  the  enquny  of  p$ste 
nty  "    luom  tins  descuption,  there  can  be  no  doubt  but  that  this  was  the  /odi 
aOal  light     He  suspects  also,  that  this  is  what  the  ancients  called  fiabei,  which 
woul  they  used  foi  a  meteor,  01  impiession  in  the  an  like  a  beam      PJINY,  lib 
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II  p  26,  says,  Emicant  Traks,  quos  docos  vacant     Des  CARTES  also  speaks  of 
a  phenomenon  "f  the  same  kind     M  FATIO  de  Duiixnm  observed  it  immedi 
ately  aftei  Hie  discovoiy  by  M  CASSINI,  and  suspected  that  it  has  always  ap 
pcaied     It  w^  soon  ift»  ob  eived  by  M  KIECH  and  EIMMA**  in  Geimany 
In  the  yeu  1707,  on  Apul  S,  it  was  obseived  by  Mi   DURHAM  in  Essex     It 
appeucd  in  the  western  poit  of  the  heavens,  about  a  quart*  of  an  houi  ofi*i 
bun  set,  m  the  foim  of  a  pyi  unid,  peipendicular  to  the  honzon  The  base  of  to. 
pyxamid  he  judged  to  be  the  sun       Its  veitex  ieached  if  01  20  above  &c 
homon     It  woTtlnoughout  of  a  dusky  led  eolom,  vnd  at  fnst  appealed  petty 
"  ta        derees    and 


homon       t  wonougou  o  , 

"vid  and  strong,  buTiuntest  ^t  the  top  It  gicw  fenta  by  degrees,  and 
vaTshed  .bout'  an  houi  afte.  sua  set  Ib.  solu  atmospbeie  has  abo 
been  seen  about  the  sun  in  a  total  solu  ochpse,  a  luminous  nng  appealing  about 
the  inoon  at  the  time  when  the  eclipse  was  total 

732  Let  IIOR  be  the  honzon,  6  the  sun  18°  below  at  the  end  of  twdight, 
then  wul  A  10  icpiosent  Uio  appearance  and  position  of  the  zodiacal  light  seen 
at  ?iTon  the  last  day  of  Februo.y,  and  «,  will  xepiesent  ti.e  same  the  next 
1  n  ng  befoie  the  begmn-g  of  twxhght,  U|.  sun  being  at  A  .  deteimmed 
by  M  d,  MAHUK  in  lus  Ueatise  2),  furore  Borede  Ihe  f^nee  6J  w 
thpn  about  90°  and  10  about  20°  Ihe  axis  AZ,  as  coincide  with  the  mm  s 

of  about  70!  UK  echp,c 


eas  tiio  angle  which  the  eehpUc  mxkes  with  the  ^^.^-^  **  ""* 
Umcs  of  the  day,  the  angle  which  Uho  axis  of  this  hght  **»*&**  ho  }«"» 

Hence,  rf  we  deloitninc  the  angle  which  the  echptic 


n  '  * 

TS,S  to  the  houi,  i/wdl  show  us  its  position,  and  tiuough  what  •** 
t  mil  m?s%hich  will  theiefore  direct  UB  vejy  aceuiately  wheie  to  look  for  it 
IirncePi  wiU  be  most  visible,  crtou*  pmbus,  when  the  echpUc  makes  ^e 


no 
178 


czot  P^-*  h^  -  -*  «- 

(he  e^hf™d  ^  ^  ho.  dram  to  the  bgMt  pomt  above  the  hom<m,  now    179 
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the  angle  ST  j(  having  been  obseived  gieitei  tlnn  90°,  Wmubt  be  less  thin 
bA,  01  the  light  must  extend  to  a  distance  fiora  the  sun,  gicatei  th  in  the  eaith  s 
distincc  Hence,  when  the  eaith  is  about  the  nodes  of  this  light,  01  the  points 
wheic  the  plane  ABC  mtei sects  the  ecliptic,  it  will  be  immeiscd  in  this  zodi 
ncii  light,  01,  is  it  is  also  called,  the  solai  atmospheie  M  de  MUUAN  thinks 
the  Award  JBoreahs  depends  upon  this 

734  M  IATIO  conjectuied,  that  this  appearance  ausesfiom  a  collection  of 
coipuscles  encompassing  the  sun  in  the  foira  of  a  lens,  leflecting  the  light  of 
the  sun  M  CASSINI  supposed  that  it  might  ause  fiom  an  infinite  numbei  of 
planets  i evolving  about  the  sun  ,  so  thit  this  light  might  owe  its  existence  to 
these  bodies,  as  the  milky  way  does  to  an  mnumeiable  numbei  of  fixed  stais 
It  is  now  howevei  gcneially  supposed,  that  it  is  mattei  detached  fiom  the  sun 
by  its  lotation  about  its  avis  I  he  velocity  of  the  equatoml  paits  of  the  sun 
being  thegieatest,  Mould  tin ow  the  mattei  to  the  greatest  distance,  and,  on  ac 
count  of  the  diminution  of  velocity  towauls  its  poles,  the  height  to  which  the 
in  ittei  would  theie  use  would  be  diminished  ,  and  as  it  would  piob  ibly  spiead 
a  little  sideways,  it  would  foun  an  atmospheic  about  the  sun  something  in  the 
foim  of  a  lens,,  whose  section  peipendiculai  to  its  axis  would  coincide  with  the 
sun's  equitoi  And  this  agices  veiy  well  with  obseivation  Iheie  is  however 
a,  cbffieulty  m  thus  accounting  foi  this  phenomenon  It  is  veiy  well  known, 
that  the  centrifugal  foice  of  a  point  of  the  sun's  equatoi  is  a  gicat  many  times 
less  thin  its  giavitj  It  does  not  appeal,  thciefoie,  how  the  sun,  fiora  its  10 
tation,  can  detich  in)  of  its  gioss  pu  tides  If  they  be  pai  tides  detached  fiom 
the  sun,  they  must  be  sent  oft  by  some  othci  unknown  foice  ,  and  in  that  cise 
they  might  be  sent  ofi  eqiully  in  all  ducctions,  which  A\ould  not  agiec  with  the 
obseived  ngiiic  The  cause  is  piobably  owing  to  the  sun's  lotjrtion,  although 
not  immedutcly  to  the  cenlnfugxl  foice  ansing  theiefiom 
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ON  rm  LONoiiuDE  or  PLACES  UPON  TIIL  sum  ACE  or  Tin  LARIII 

Ait    735    TlIE  situation  of  any  place  upon  the  c  uth'b  sui  fuse  is  dctoiimned 
horn  Us  latitude  aud  longitude      Ihe  latitude  m  xy  be  found  horn  the  mcndian 
altitude  of  tie  sun,  oi  a  known  fixed  stai  ,  liom  two  altitudes  ol  the  sun,  and 
the  time  between,  uidbyavmety  ol  othci  methods      Ihcso  operations  aie- 
so  easy  in  piacUce,  and  oppoitumties  aie  so  contmuaUy  offaing  themselves, 
tint  tit  UUtudc  of  a  phce  may  geneiolly  be  detd  mined  even  undei  the  mos 
unfvvouiable  cucumbtmces,  to  a  degico  of  aecuiacy  sufficient  foi  al  nautical 
puiposes     But  the  longitude  cannot  be  so  icachly  found     PIIII.II  HI  King 
of  Spam,  was  the  fiist  peison  who  oflued  a  icwaid  foi  its  discoveiy  ,  and  the 
Stitesof  Hollind  soon  aflei  followed  his  example,  they  being  at  that  t,me 
nvds  to  Spain,  as  a  mantime  powei     Bunng  the  mmoiity  of  LEWIS  XV  of 
France  the  regent  powei  piotmsed  a  gieat  lewaid  to  any  peison  who  should 
^^Sw£d.  at'sea      In  the  Ume  of  CH^S  II    about  ^ 
the  Siem  de  bt  Pirnru:,  a  Pienchman,  pioposcd  a  modiod  of  nndmg  the 


inted  A  bonomei  Royal,  and  an  Obbuvatoiy  wvsbuilt  at  Gieenwichfoi 
hun  and  the  mstiuctions  to  him  vnd  lus  success  weie,  «  tha  they  should 
apply  themselves  with  the  utmost  coic  and  diligence  to  lecUfy  ihe  fables  of 
the  motions  of  the  heavens,  and  the  places  of  the  fixed  itou,  m  oidei  to  find 
out  the  Tmuch  desued  Ion6itude  at  sea,  foi  the  peifectmg  of  the  ait  of  navi 

^e'lnthe  yeai  1714,  the  BnUbh  Puhamcnt  offcied  a  lewaid  foi  the 
discoveiy  of  the  longltud'e  ,  the  sum  oi  ^  10000,  rf  the  method  denned 
die  longitude  to  1  dcgicc  oi  a  gioit  cucle,  or  60  gcogiaphical  miles  ,  of 
7i50W  Tit  detoimuicdit  to  40  miles,  and  of  £  30000,  if  it  dcteimmed  it  to 
fo  mZ  1  h  tlu^oviso,  that  ,f  ,ny  such  method  extend  no  £ 
80  nules  adjoining  to  the  coast,  the  pioposu  shall  have  n°  ffiO1!th< 
lewards*  Iho  Act  albo  appoint,  the  lust  Lord  of  the  Admualty, 

<ta  WnnioH  ^  Aorountof  tbe  proaccUnfe,  to  o,t  n  (b    Act,  in  %  F«ta  to  bb 
6  Ptaruti 
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of  the  House  of  Commons,  the  First  Commissionei  of  Tiade,  the  Admuals  of 
the  Red,  White,  and  Blue  Squidions,  the  Mastei  of  the  JTnmty  House,  the 
Piesuknt  of  tlie  Royal  Society,  the  Royil  Astronomei  it  Gieenwich,  the  two 
Sivilun  Piofessois   it  Oxfoicl,  and  the  Lucasian  and  Plurman  Piofes&ois  it 
Cimbndge,  with  scveial  othei  peisons,  as  Commissionei s  foi  the  Longitude  at 
Sei     The  lowndun  Piofessoi  it  Cimbndge  was  afteiwaids  added     Aftei  tins 
Act  o(  Puliimcnt,  sevcial  othu  Acts  passed  m  the  icigns  of  GEORGE  II  and 
III  foi  the  cncom  igemcnt  of  finding  the  longitude    At  last,  in  the  yeai  1774, 
an  Act  passed,  lepealing  all  othei  Acts,  and  offenng  sepaiate  lewards  to  any 
person  who  shall  discovei  the  longitude,  eithei  by  thelunu  method,  01  by  a 
watch  keeping  tiue  time,  within  ceitam  limits,  01  by  any  other  method      Ihe 
Act  piopo&es  is  i  itw  aid  foi  i  time  kcepci,  the  sum  of  «£  5000,  if  it  dctcimine 
the  longitude  to  one  clegiee,  01  60  geogiaphicil  miles,  the  sum  of  £  7500,  if 
it  detcimmc  the  same  to  40  miles ,  and  the  sum  of  i  IOOOO,  if  it  deteinunc  the 
same  to  30  miles,  aftei  piopei  tails  specified  m  the  Act     If  the  method  be  by 
improved  sohi  and  hunt  Tibles,  constituted  upon  Su  I  NIWTON'S  theory  of 
gi  mtation,  the  authoi  shall  be  mtitlcd  to  £  5000,  if  such  Tibles  shall  show  the 
distance  of  the  moon  fiom  the  sun  and  stus  withm  fifteen  seconds  of  a  degiee, 
answeimg  to  about  seven  minutes  of  longitude,  after  making  an  allowance  of 
hilf  a  degiee  for  the  euois  of  obseivation     And  for  any  othei  method,  the 
same  rewards  lie  offered  as  thdsefoi  the  time  keepei,  piovided  it  gives  the  lou 
gitude  tiue  within  the  same  limits,  and  be  pricticable  it  sea    Ihe  commission 
eis  hive  also  a  powci  of  giving  smallei  icwauls,   is  they  sh  ill  judge  piopei,  to 
any  one  who  shall  make  any  discoveiy  foi  finding  the  longitude  at  sea,  though 
not  within  the  above  limits     Piovided  howevei,  tint  if  such  peison  or  poisons 
&hill  afterwaids  mike  any  furthci  discoveiy  as  to  come  within  the  ibove  men 
tioned  limits,  such  sum  01  sums  as  they  may  have  received,  shall  be  consideiecl 
is  pait  of  such  gieatci  lewucl,  and  deducted  theiefrom  accordingly 

737  After  the  decease  of  Mi  FIAM&TEAD,  Di  ILurrY,  who  w is  appointed 
to  succeed  him,  made  a  senes  of  obseivations  on  the  moon  s  tiansit  over  the 
mendiin,  foi  a  complete  icvolution  of  the  moon's  apogee,  which  observations 
being  compaied  with  the  places  computed  horn  the  Tables  then  extant,  he  was 
enabled  to  concct  the  Tibles  of  the  moon's  motion  And  ib  Mi  HADLLY  h  id 
then  invented  an  mstiument  by  which  altitudes  could  be  liken  at  sei,  and  ilso 
the  moon's  distance  fiom  the  sun  01  a  fixed  sUi,  Di  HALTEY  stiongly  iccom 
mended  the  method  of  finding  the  longitude  fiom  suchobscivitions*,  h  ivmg 

*  The  idea  of  finding  the  longitude  by  the  itioon  w>8  fiiit  ihougl    of  by  JOHN  WEKNER  o(  Nurtiu 
berg    m  1514,  it  was  aftrtwaids  recommended  byPciCB  AIUN    in  1521    and  by  OIIONCE  I  INI, 
and  GLMMA  I  nmus    the  lattei  of  which  ptopcwd  to  find  the  plact  of  the  moon  at  itiy  time   by  ob 
serving  its  distance  from  a  fixed  bhi    and  then  to  calculate  the  time  \vhcn  the  ntoop  on  lit  to  be  it 
that  distance  by  which  you  will  have  the  diffeience  of  the  moididiib  of  the  phoc  of  obseivation  snd 

3  the 
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found  fiora  expeneucc  the  impiacticabibty  of  all  othei  methods,  paiticulaily  at 
sea 

738  To  discovei  the  longitude  of  any  phco  torn  Giccnwich,  we  must  be 
able  to  ascertain  the  time  at  tint  place,  and  compaie  it  with  the  tame  at  the 
same  instant  at  Giconwich  Tho  methods  which  have  been  pioposed  to  effect 
this  uc — By  the  moon's,  distance  fioin  the  sun  oi  i  fixed  stai — By  the  moonS 
tiansit  ovci  the  mendian  compaicd  with  that  of  a  fixed  btu — By  the  occulta 
faon  of  a  fixed  stai  by  the  moon — By  a  soloi  cchpae — By  a  time  keepei — And 
by  an  cchp&o  of  the  moon,  oi  of  Tupite)  s  axtcllitcb 

By  the  Moon's  Distance  fiom  the  Sun  01  a  1  tared  Stat 

789   Di    MASKELYNr,  oui  late  woithy  Astionomei  Royal,  in  his  two  vo> 

ages,  one  to  Si  Helena,  and  the  othei  to  Baibadocs,  piovcd  the  utility  of  this 

method  of  finding  the  longitude  at  sea,  and  which  he  \ciy  fully  explained  m 

aTieitisc   entitled,  JThe  British  Mannci  s  Guide     Butthe  gieat  labom  and 

nicety  of  the  calculations  seemed  to  bo  a  mitciml  objection  to  it,  paiticulaily 

the  calculation  of  the  moon's  latitude  and  longitude,  which  aie  necesbaiy  to 

compute  its  distance  from  the  sun  01  a  fixed  stai    To  facilitate  this,  and  many 

othci  paits  of  the  computation,  Di  MASKLTYNT  pioposed  the  publication  of 

the  Nautical  Almanac,  m  which,  amongst  a  gioat  many  othu  things,  the  moon'a 

tiue  distance  from  the  sun  01  piopei  fixed  stm  is  put  down  fbi  eveiy  Uuee 

houis ,  so  that  Us  distance  at  any  othei  time  may  be  fpund  by  only  one  propoi 

hon     Anotlici  lequieito  ^as,  an  casypiacUcil  iwlc  fin  finding  thetiuedis 

Unco  oi  the  moon  horn  the  sun  01  a  stai  fioin  then  appaient  distance  and  alti 

tudes     Ui  MASKELYNJ  gave  a  piacticil  method  of  doing  this,  in  the  above 

mentioned  Woik,  and  alleiwaids  he  impioved  it     Ihe  fust  Nautical  Almatvtc 

was  published  in  1767,  in  which  ue  given  two  othei  methods  of  finding  the 

moon's  tiue  distance  fiom  the  sun  01  stai  fiom  then  obseivcd  distance,  one  by 

Mi  LYONS,  and  the,  othei  by  Mi  DUNTUOUNE     In  the  Requisite  Tables  these 

two  methods  \io  impioved     Anothoi  method  is  also  given  by  Mi  Wwcmw 

in  tiiat  Woik     Vanous  otlioi  methods  have  been  also  givui     Foi  the  same 

purpose,  a  set  of  Tiblcs  weio  published  by  older  of  the  Boaid  of  Longitude, 

containing  the  collections  foi  iofi  action  and  paiallax  to  every  degioo  of  the 

moon's  distance  fiom  the  sun  01  a  fixed  stai,  and  foi  cveiy  dcgicc  of  altitude 

of  each,  undei  the  caie  of  Di  Sui  IHFRD,  the  late  Rumian  Profcssoi  of  Astro 

(Uc  pi  ice  foi  wbuh  llic  ralculatmn  wis  miiU  Km,™  alio  mcnUoned  Uus  is  in  excellent  on.tlMd  of 
findm  the  loneiludf  mA  iftcr  him  lour  OMONIANUB  Hut  without  coiiaot  lablefl  of  ««  woon  » 
motion*  and  piopci  indliumcnt.  to  mcTsuie  ilh  dirtauco  fiom  i  faxed  stm  ibu  rootho*  wul4  not  he 
put  iiv  piacticc 
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ind  I  \pcnmental  Philosophy ,  at  Cunbiidge     They  weie  computed  by 
Mi  I  TONS,  Mi  PARKINSON,  ind  MJ   WILLIUIS     The  objection  to  the  duect 
method  oi  giving  tins  pioblcm  was,  paitly  fiom  the  length  of  the  opeiition, 
and  piitly  fiom  the  tediousness  of  piopoitiomng  to  find  the  loganthms  to  se 
(ondb      But  since  the  publication  of  Mi   IAYLOE'S  Loganthms,  this  lattei  ob 
jection  is  taken  iway 

7  40    I  he  steps  by  which  we  find  the  longitude  by  this  method,  11  e  these 

Fiom  the  obseivcd  altitudes  of  the  moon  and  the  sun  01  a  fixed  stai,  and 
then  observed  distance,  compute  the  moon's  tine  distance  fiom  the  sun  01 
stai 

Irom  the  Nautical  Almanac  find  the  tune  at  Gieenwich  when  the  moon 

•was  at  th  vt  distance 

From  the  altitude  of  the  sun  01  stai,  find  the  time  at  the  pi  ice  of  obseivation 
The  diffeience  of  the  times  thus  found,  gives  the  diffucnce  of  the  longi 

trades 

rrr  741    To  find  the  line  distance  of  the  moon  fiom  the  sun  or  stai  by  obseiva 

180  lion,  let  Z\>Q  the  zenith,  S  the  appaient  place  of  the  sun  01  a  stai,  s  the  tiue 
place,  M  the  apparent  phce  of  the  moon,  m  its  tiue  place ,  then  in  the  tmngle 
Z^M,  we  know  SM  the  appaient  distance,  SZ,  ZMihe  complements  of  the 
appaicnt  altitudes,  to  find  the  angle  Z  md  then  in  the  tmngle  sZm,  we  know 
the  angle  Z,  and  sZ,  wZtbe  complements  of  the  hue  altitudes,  to  find  sm  the 
tiue  distance  But  the  pioblcm  may  be  othciwise  solved  thus 


742    By  sphciical  Tiigonometry,  vci  sm    L  Z=r*  x  cos  Zb-ZAf-co*  SJlf 

sin  Z&  x  sm  ZM 


_ 
cos  Zs  —  Zm~cos   sm 


=B,  then  by  plane  Tngonometiy,  cos    ZS  -  ZM  —  cos    SM=. 

2  sin    A  x  sm  J3  -  -  _-     2  sin  A  x  sin  B    sm    Zm 

hence,  cos  s;?»  =  cos    /t>~-Zm  --  x 
* 


,  -  7^. 

t  '  *  r  sm  ZM 

x  .  -  ~^     Now  the  ninth  of  the  Requisite  Tables  gives  the  anthmetic  com 
sin 


plcment  of  the  diffuence  between  the  loganthmic  sines  of  ZM  and  Zm,  in 
ci  eased  by  120,  foi  at  all    ittitudes   ibove  25,  this  numbci  is  umfoiinly  the 
diffeience  between  the  logauthmic  sines  of  Z?  and  ZS  foi  all  celesti  il  objects 
not  affected  by  paiallax      At  altitudes  less  than  25°  this  unifoimity  ceases,  and 
the  diffeience  between  the  sines  is  less  than  J20  by  the  numbeis  in  Table  XI 
foi  a  stai      But  foi  the  sun,  which  is  sensibly  affected  by  puallax,  the  diflPei 
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cnce  between  tbe  sines  is  loss  than  120  by  the  minibus  in  Table  X     In  those  I 

coses  tbeiefoic  the  loguithm  in  Table  IX  mast  be  diminished  by  the  numbeis 
contained  in  Tables  X,  01  XI     Hence  we  luvc  the  following  Rule 

To  log  2  uld  the  log  sines  of  A  and  JB,  olt>o  the  log  fiom  the  ninth  of  the 
Requisite  lables,  couectcd  if  necessaiy  by  Tables.  X,  01  XI  and  icject  20Jfrora 
the  index,  mdfind  the  n  Uuial  numb  ei  cone  ponding,  the  difibiencc  between 
which  and  the  natui  il  cosine  of  the  diffucnce  of  the  tine  /cnilh  distances,  gives 
{he  nituial  cosine  of  the  tiue  distance  icqimccl 


Tx;  Suppose,  on  Tune  29,  179^,  the  sun's  appoicnt  zenith  distance 
obscived  to  be  70  56  24  ,  the  moon's  ipp  ucnt  7cmth  distance  ZMto  be  48° 
53  58  ,  then  vppxieut  distance  8  Vf  to  be  10S  29  37  ,  and  the  moon's  hou 
zontol  puallaxto  be  58  35  ,  to  fiud  then  tiue  distance  sm 

By  Requisite  Piblo  VIII  the  collection  Mm  for  the  moon  a  poiallax  and  re 
fi  action  is  43  3  ,  ind  by  lablc  I  and  III  the  collection  Ss  foi  the  sun's  pa 
i  vlhx  and  iciiaction  it,  2  36  ,  hence,  Zm-48  10  55,\ndZ«  =  70  59 

Z&-ZM  =22°     2    26 


J  SM  =51    44    43 

Log   2      0,301030 

A  =62    45    56       Log  Sin    9,948971 

B  =40    43    30       Log    Sin    9,9145JS 

Log  horn  Req  1  \b  IX,  X   9,995307 

10,059841        Nat  Num    1147741 
=22    48       5    Nit  COS  921854 


=103      3    18    Nti  COS  225887 


The  i  uhus  to  the  Table  of  natuiol  sines  and  cosines  to  six  figures  is  1000000, 
and  Uie  index,  to  the  log    ioi  the  iwlius  in  tlic  T? \bles  of  log    unes,  cosines, 
&-c  is  10,  in  this  case  theiofoic,  an  index  10  points  out  7  places  of  whole 
numboib,   ind  consequently  an  index.  9  points  out  6  places,  &c      Wficn  the 
natui  vl  cosine  ofZs-*7mia  less  than  the  natuial  number  standing  above  it,  the 
diffbicncegKCS  the  uitiual  cosine  of  an  uc  above  90  ,  as  in  this  cose  ,  othci 
wise  tilie  aic  is  below  90°     In  this  method  theic  is  no  distinction  of  cases,  and 
it  only  icquncs  three loganthms  and  one  uatuial  cosme  to  be  tvken  conespond 
mgtoa  given  angle,  one  natiual  numbei  coucsponding  to  alogauthm,  and  an 

VOL  i  J  u 
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aic  coiiespondtng  to  a  nitmal  cosme,  Mi  DUNTIIORNE'S  method  was  by 
natural  cosines,  andieqmred  only  the  same  numbei  of  quantities  to  be  taken, 
but  Di  MASKELYNE*-  has  deduced  fiom  it  the  following  method  of  computing 
by  logmthms  only 


743   By  the  list  Aiticle,  cos   JM$=COS  Zs  —  Zm  —  cob  Zf>-ZM~cos  &M 
sm    Zm    sm   Zs 


sm     Zi          -  .  - 

—  —  jj?£,  A=zcof>  h-cos  bM  x    Q,  then  cos  ms  =  cos    II  -  A      No\v 


cos  J-  mi,*  =  i  +  J-  cos  ms^+J  cos  H~^A,  let  $  A  be  the  squaie  of  the  sine 
of  in  uc^  JS,_tibtcn  sm  ^  B  -^  cos  7;  -  cos  SM  x  Q  =  sm  3~Mf  +  i/« 
x  sm  |  SM  -  ^  h  x  Q,  hence  ,  the  11  c  JS  is  known  But  ]•  cos  J5=i-  sin  4^6 

,  ITI  ______  •*  2  -o 

^  i  -  i  ^  ^  hence,  cos    ±mf  =  \  cos  75  +  7  cob    JJ  =  cos  i^+^  Hx 
cos  ^  5-^  JET     Hence  we  luvc  the  following  Eule 

Add  togethci,  log    sine  of  -TobFchst   +J-  dift   of  ipp    ilt    log    sine  of 
i  obs  dist  -  i  dift  of  app  alt    and  anth  comp  of  Q  taken  from  Requisite  Ta 
bles  IX  and  X  01  XI  as  the  case  may  requne,  and  subtiact  10  fiom  the  index, 
divide  the  sum  by  2,  and  you  have  the  sme  of  £  B 

Add  log  cos  ^  +  J  difl  of  tiue  dt  to  log  cos  ^Ji-^difl  oi  tiue  xlt  " 
take  half  this  sum,  and  you  get  the  log  cosme  of  half  the  tiue  dist  race 

To  apply  this  to  the  1  i&t  Example,  we  have, 

*  The  last  method  given  by  Di  MVSKFLYNE  foi  ckanng  the  moon  s  distince  ftom  the  sun  m  i 
fixed  slai  is  in  the  Supplement  to  the  Requisite  Tables  where  the  reader  will  find  some  consideutlc 
improvements  m  the  solution  of  this  problem 
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*Obs   dist      51°  44    43' | 
\JS-ZAf    11       1     13 


Sum          62   45   56 1                             log  sine  9,9489714  '  | 

Diff            40    43    SO  £                                  log  sine  9,8145846  (Ji 

, "       log  fiom  Tab  ix  &x   9,9953070 

il 

2)19,7588129  i 


'  J3-         49°  14    52  J  log  &ln     9,8794061 


Zs~/mll    24      2 


Sum  60    38    55  •  cos    9,6903418 

DiffuenceS7   50    50  -  cos   9,897434* 

-  . 

2)19,5877762 


s         51    31    39  COS    9,7938881 


Hence,  the  Uuc  distance  is  103°  3   18 

As  we  have  now  logaiilhmic  Tables  to  oveiy  Second  of  the  quadiant,  tins  is  a 
considei  ible  improvement  upon  Mi  DUNTIIORNE'S  lule  Theie  is  also  no  dis 
tocUon  oi  cases  m  tins,  which  Hieie  is  in  Mi  DraraoiiNE's  method  As  we 
deduce,  by  ibb  iule,  hall  the  true  distance,  it  is  manifest,  that  any  erroi  in  the 
Beconds  will  be  doubled  m  the  true  distance,  upon  that  account  we  weie 
oblmcd  to  take  in  the  h  ilf  seconds,  loi  if  we  had  not,  the  halt  distance  would 
have  come  out  51°  31  38,  and  consequently  tho  true  distance  would  have 
been  found  103°  3'  16  This  is  i  circumstance  veiy  necessaiy  to  he  attended 
to  in  all  the  mles  Ih  vt  fiist  give  half  tho  ti  ue  distance 

Ibis  list  Rule  may  be  applied  without  the  Requisite  Tables,  by  consideiing, 
that  the  logaiithms  taken  horn  Tables  IX,  X,  01  XI    in  that  Woik,  give  the 


aiithm  complem  of    H_x    SL*.  which  quantity  ma>  be  taken  fiom  Uie 


Waiithmic  Tables,  by  idding  to  the  log  sines  of  Zm,  ?s,  the  ariUi  comp  of 
the  log  sines  of  ZM  and  7S,  and  subtracting  1O  Ibom  the  index  If  we  apply 
ibis  to  the  lost  Example,  we  have, 
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Zm=48°  10  55  gin   9,8723113 

ZM=48   5<3  58  0,1228839  auth  comp  of  sine 

/S   =70    59  0  gin   99756265 

Zb  =70    56  24  0,0244868  Tilth   comp   of  sine 

9,9953085 


llns  diffeis  a  httlc  fiom  the  nmnboi  taken  from  the  Requisite  1  iblcs  which 
glvcs  only  six  figu,  cs     It  would  mdecd  lengthen  the  woik  a  httle  to  t  ke  tins 
quantity  fiom  the  loganthmic  Tables,  but  lt  would  add  to  the  accuiacy     S 
MASKELwr,  in  lu,  Rcftco  to  the  Tables  of  I  oganthms  by  Mi   TAYLOK  his 
given  a  Rule  in  winch  those Tibles  only  a,e  1CqU1  lto  ,  ,nd  it  is  ceUudyb 
to  use  as  few  auvhaiy  Tibles  as  parable,  is,  by  tint  means,  you  subiect  the 
ope!  ition  to  fcwei  piolnble  eiiois  J 

744   Di  MASKELYNE'S  Rule  foi  dealing  the  moon's  ippizent  distance  fiom 
i  st-u  01  the  sun  uom  the  effect  of  panlhx  mdiefi action 

I  To  the  log  sine  of  the  moon's  honzontil  paiilhx  add  the  log  cosine  ol 
the  moon  s  appaient  altitude,  using  five  decimal  places  of  the  logauthms     the 
sum,  xbatmg  10  fiom  the  index,  is  the  log   sine  of  the  moon  s  puilhx  m  alti 
tudc,  fiom  which  subtnet  the  moon's  icfnction  til  en  with  the  moons  in 
pucnt  iltitucle  out  of  Table  I    (Requisite  Tables)  and  ^ou  will  hive  the  coi 
lection  o  the  moon's  Uuiudc      Add  this  to  the  moon  s  ippaient  vlutude,  and 
vou  wall  h  we  the  moon',  tiuc  altitude     Also,  with  the  stai  s  app  ucnt  altitude 
tike  the  suu  s  icuacUon  out  of  Table  I  which  subti  ictfiom  the  stu's  appaient 
altitude,  and  you  will  have  the  stai's  ti  ue  altitude     But  if  the  moon's  distance 
was  obseived  fiom  the  sun,  with  the  sun's  app  ucnt  altitude  take  the  lefiaction 
out  of  Table  L  and  its  paiallax  out  ol  I  able  III  and  take  the  cliffucncc,  and 

ubtiact  it  fiom  the  sun's  apparent  altitude,  and  you  will  have  the  sun  s  tuie 
iltitude  Tal  c  the  difFcience  of  the  tiue  altitudes  of  the  moon  and  stai  01 
moon  and  sun,  and  the  diffeience  of  their  appaient  altitudes 

II  1  ike  half  the  sum  and  half  the  diffciencc  of  the  appaient  distance  and 
cufteience  of  the  appaient  iltitudes 

III  To  the  log    mcs  of  the  above  half  sum  and  h  ilf  diffia  ence  add  the  log 
cosines  o  the  Hue  altitudes,  and  the  aiithmetical  complements  of  the  log  co 
sines  of  the  apparent  altitudes ,  and  take  half  the  sum 

IV  Fiom  this  half  sum  take  the  log  sine  of  hilf  the  diffcience  of  the  Hue 
altitudes,    and  look  for  the  lemamdei   among  the  tangents,    and  take  out 
the  coirespondmg  log  cosine,  without  taking  out  the  aic,  which  is  unneces 
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V   Subtract  the  sudlog  cosine  fiom  the  log  sine  of  liilf  the  diffucnce  of 
the  tnic  -Utiludeb  inucistd  by  10  m  the  index  ,  the  icmundei  •will  be  the  log 
Bine  of  h  vlf  the  iaue  distance 


sn    *  .  , 

i  — 1,  which  put  =.  ton   a  ,  hence,  tan  a=s 


sm  Zs  x  sin  Zwi  x  sin  -£±±  x  sui  

22 

,  but 

v/sin  ZAxsm  ZAfxun  3-  v 


*  xl+tan  a*=sin  i«^x9ec  fl%  consequently  sm 


] 

"l 

I    I 

I1 


Put  Z&—ZJIf=X,  Zs—Zm=,t,  D  =  SMt  d-sm,  now      HG 
by  Ait  742  sin  ZSxsua  ZM    bin  Zsxtan    /m    cos  X—  cos  D    cos  t—      180 

cos  d,  or  vci  sin  d—  vei   sin  a,,  but  by  plane  Tngonometiy,  cos    X—  cos  i 

i 

D  —  X  _  i1 

xam    —  —  ,  ind  vei  am  d—  yei   sin  r=2  sin  \d"  —  2x  i 


i 


FTt* ,  hence,  sin  ZS  x  sm  ZM    sm  Zs  x  un  4m    &m  ~±f:  x  sin  ~_J£  | 

•u   J  '    '  '  22 

|i 

.    sin  Zsx  sin  Zm  x  sm  — i—  x  sin  — —==. 

sin  £  d  -sin  f  r ,  consequently 2 2  i 

sm  Zb  x  sin  ^?jl/  x&in 


&m   *  o  =sir 

i 

cos  a  , 


518  EXAMPLE 

Let  the  apparent  altitude  of  j>  's  center  be  5°  17,  tiiat  ofo  84.°  1,  and  llmt 
apparent  distance  9Q°  21  IS  ,  and  j>  s  horizontal  parallax,  61  48  ,  requited  the 
1)  ue  distance  of  o  and  j> 

8,25469 

9,99815 

8,25284 


D  's  honzontal  paiallax 

1° 

1 

48 

log 

sine 

D  b  apparent  altitude 

5 

17 

0 

Log 

cosine 

>  's  paiallax  in  altitude 

1 

1 

32 

Log 

suit 

»  "b  lefi  action  fiom  Tab  I 

__ 

9 

28 

w 

Couect  of  D  *s  altitude 

+ 

52 

4 

»  's-  appaient  altitude           * 

5 

17 

0 

3)  '&  tiue  altitude 

6 

9 

4 

O's  ippaient  altitude 

84 

7 

0 

Dili  of  :efi  xttion  and  parallax 

— 

0 

5 

O*s  tiuc  altitude 

84 

6 

55 

5  '&  tiue  altitude 

6 

9 

4 

Diff  of  tiue  alt*  oi  o  wid  D 

77 

57 

51 

Q's  appaient  altitude 

84 

7 

0 

K  's  appaient  altitude 

5 

17 

0 

Diff  of  app  alt"  of  o  and  » 

78 

50 

0 

Appaient  distance 

90 

21 

13 

iSimi 

169 

11 

13 

Diflucncc 

11 

31 

13 

Half  sum 

84 

35 

36 

Log 

sine 

Half  diffeience 

5 

45 

36 

log 

sine 

>  'b  appaient  altitude 

5 

17 

0 

Co  ai 

log  c 

D  *s  tine  altitude 

6 

9 

4 

log 

cosine 

O'&  appaient  altitude 

84 

7 

0 

Co  u 

log  < 

O's  tiue  altitude 

84 

6 

55 

Log 

cosine 

9,9980635 

9,0015681 
no  0,0018490 

99971924 
tie  0,9892626 

9,0108395 

2)38,9990751 

19,1995375 
of  tiue  alt    of  »ando    38   58    55    Log  sine  9,7987027 

Log  tang  ofaic  9,7008348 

Coue&p  log  cosine       9,9511707 


Half  tiue  distance 
Tiue  distance 


44    44    862  Log  sine 
2 


9,8475320 


89    29    13 
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745   The  fauo  distance  of  the  moon  fiom  the  sun  or  stai  being  thus  found, 
•we  ire  next  to  find  the  time  at  Greenwich     For  this  puiposc,  the  sun  01  such 
fixed  stu    ate  chosen,  as  lie  in  01  veiy  neai  the  moon's  way,  so  that  looking 
upon  the  moon  s  motion  to  be  umfoim  foi  a  small  time,  the  moon  may  be  con 
sideied  as  appioiclung  to,  01  receding  fiom  the  sun  01  stai  uniformly     To  de 
teimine  theiefoie  the  time  at  Gieenwich  coucspondmg  to  any  given  tiue  dis 
tancc  of  the  moon  from  the  sun  01  stai,  the  tiue  distance  is  computed  in  the 
Nautical  Almanac  foi  eveiy  thiee  Iiouis  foi  the  mendi  xn  of  Gxeenwich   Hence, 
considcnng  that  distance  u  vaiying  unifoimly,  the  lime  coiresponding  to  any 
othci  distance  m  vy  be  thus  computed     Look  into  the  Nauttcal  Almanac  and 
tike  out  two  distances,  one  next  gi eater  ind  the  othei  next  leaslhan  the  tiue 
distance  deduced  Iiom  obseivalion,  and  the  difliience  D  of  these  distances 
gives  the  access  of  the  moon  to,  01  access  from  the  sun  01  stai  m  thiee  horns , 
then  take  the  difference  d  between  the  moon's  distance  at  the  beginning  of  that 
mteival  vnd  the  tiue  distance  deduced  fiom  observation ,  md  then  say,  D    d 
3  houis    the  tune  the  moon  u,  decoding  to,  01  icceding  fiom  the  sun  01  stai 
by  the  quxntity  d,  which  idded  to  the  time  at  the  beginning  of  the  mteival, 
gives  the  vppaient  time  at  Giconwich,  coiie&ponding  to  the  given  Uue  distance 
of  the  moon  fiom  the  sun  01  star     lo  nnd  the  fouith  term  in  the  above  pro 
poition,  thoieis,  in  the  Requisite  fiblcs,   i  Jublo  of  piopoitionxlloganthms, 
whcio  the  log  of  3  hours  is  madc=0,  and  thcicfoie  the  log  of  the  fouilh  term 
is  found  by  subtraction  only     The  same  Table  will  seive,  if  one  of  the  tarns 
be  thiee  dcgiecs  instead  of  three  hours 

1  x  Ou  June  29,  1799,  in  latitude  52°  12  35'  the  sun's  altitude  in  the 
moming  wis  by  obseivaUion  19°  3  36 ,  the  moon  s  altitude  was  obseived  to 
be  41  6  2  ,  the  sun's  declination  at  that  tame  was  23°  14  4  ,  and  the  moon's 
hoii/ontil  puallax  58°  35  ,  to  find  the  appaient  time  at  Greenwich 


of«nomOby  Ait  742  103      S   18 

by  Naut  Aim  on  June  29,  at  3/t          1O3     4  58 

___- ,  at  6h          101    26  42 


0  1    40  pi    log    2,0334 

1  38    16  pi    log    0,2629 


Tnne  of  approach^  0°  1   40  o     8     3  pi   log   1,7705 

Beginning  of  the  mteival  300 


Apparent  time  at  Gaeenwich,  June  29, 

8 
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746    Now  to  find  the  appaient  tune  at  the  place  of  obseivation,  we  hive 
the  sun  s  decimation  23     14   4  ,  its  altitude  19     3     36  ,  its  iefi  iction  2    44  , 
ind  pai  \\li\  8  ,  hence  its  tiue  iltitude  ^  is  19°  1 ,  and  theicfoic  Ks  tine  zenith 
distance  w  is  70    59  .,  also,  the  complement  of  decimation  was  66°  45    56 
hence,  by  Ail  92  ' 

66°  45    56  aiith   coinp  sin    0,0367325 

3*1    47    25  aiith  coinp  sin   0,2127004 

70    56    24 


1?5    29    45 

87    44    52  sin    9,9996644 

70    56    24 


16    48    28         -  sm    9,4601408 


2)19,7092381 

0  9,8546190  the  cosine 

oi  44    18    52  ,  which  doubled  gives  88    37    44  the  horn  angle  fiora  appaioiil 
noon,  which  m  time  gives  sh   54    31  the  time  beioic  ippuentnoon,  01  187* 
5    29  on  June  28      Hence, 

Appucnttunc  itphccol  ohsciv  June  28,         IB/I    5    29 
it  Giecnwieh         June  29,  233 


DifFcienccof  meiiduns  m  time  &   57    34 


Which  convened  into  degiees  glves  134  23  30  the  longitude  ol  the  pi  tee 
of  obscivation  west  of  Gieenwich 

Ifa  stai  be  obsdved,  find  the  time  by  Ait  106      The  sun's  decimation  it, 
lust  taken  flora  the  Nautical  Almanac,  ind  then  collected  by  Blq  Tab    VI 
Ifa  stai  be  obaeived,  take  its  declination  fiom  Requisite  Table  VII     The  Ion 
gitude  being  neaily  known  by  account,  will  be  sufficiently  exact  to  entci  I  able 
VI  with 

747  In  oulci  to  apply  tins  method  of  finding  the  longitude,  thiee  observeis 
nie  convenient,  two  to  take  the  altitudes  of  the  inpon  and  sun  01  a  stai,  and  one 
to  tike  then  distance,  the  lattei  must  be  taken  with  gicat  caie,  as  the  detei 
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mination  of  the  tiue  distance  depends  pnncipally  upon  that,  a  small  cuoi  in 
the  iltitiidcsnot  senbibly  vffecbng  it     If  i  single  obseivci  should  want  to  xp 
ply  this  method,  he  may  do  it  with  a  vciy  considoiable  degjce  ot  iccmacy  m 
the  following  muinei     let  him  hi 9t  tvl  c  the  altitude  oi  ihc  moon  and  then 
ot  the  sun  01  stai,  his  assistant  noting  the  timcb ,  then  let  him  til  o  se\eiol  di 
tances  of  the  moon  fiom  the  sun  01  stu  at  one  01  two  minutes  di  tance  of  time 
fiom  c  ich  othei,  and  note  the  timcb ,   vnd  1  istlv,  let  him  again  take  the  altitude 
of  the  moon  and  then  of  the  snn  01    tvi,  noting  the  tunes      Then  taking  the 
mean  of  all  the  distances,  vnd  the  mean  ol  the  times  when  they  wcio  tal  en,  he 
will  h  we  the  moon's  distauec  fiom  the  sun  01  stai  \t  thit  mem  time    TLal  o  the 
diffeiencc  of  the  moon's  altitudes  xt  the  two  obscivattons,  and  the  diflcienee 
of  the  times,  vnd  then  say,  as  tint  diffeience  of  times,  is  to  the  difference  be 
twcen  the  tune  of   the  fust  observation  oi  i1&  altitude  and  the  mean  o/  the 
times  at  which  the  distances  wcie  taken,  so  is  the  vvnation  of  the  moon's  alti 
tnde  between  the  fust  and  second  obsuvvtions,  to  the  vvmtion  of  its  altitude 
fiom  the  tune  of  the  fust  obseivation  to  the  above  mean  time,  which  added  to 
01  subti acted  fiom  its  fiibt  obseived  altitude ,  vecoiding  vs  the  moon  a&ccnds  01 
descends,  gives  its  altitude  at  tint  mean  tune      In  the  same  inannei  be  may 
get  the  sun's  01  stu's  altitude  at  the  sune  time       Ihus  he  mvy  get  tho  two 
vltitudcs  and  the  couespondmg  distance 

748  In  gcnmvl,  the  vltitudcs  of  the  tais  at  sea  no  too  unccitvinfoi  finding 
the  time,  they  may  do  m  a  fine  srnnraei  s  night,  01  in  twilight,  and  if  the  sun 
be  used,  it  may  bo  so  neai  the  meiidian,  oi  the  honaon  may  be  BO  hary  and  ill 
defined,  tint  the  altitude  cannot  be  detci  mined  with  sufficient  accuiaoy  to  de 
ducc  the  lime  fiom  it,  although  it  may  be  sufficiently  exact  to  calculate  thcu 
tiue  distvnec  In  tluseisc,  the  obieivei  must  be  cucful  to  find  the  euoi  of  his 
watch  by  some  altitude  taken  neai  to  the  tune  of  ob&enation,  by  which  ho  may 
concet  the  time  bhown  by  the  watch  at  the  time  of  obsewition  But  as,  in 
this  cane,  tho  wvtch  showb  the  tune  at  the  mendnn  undci  which  the  altitude  of 
the  sun  or  stai  was  taken  in  oidei  to  coucct  it,  the  longitude  thus  found  is  that 
undci  wlneh  the  wvtch  wvs  legulvted,  and  not  th  vt  wheie  the  distance  of  the 
moon  fiom  the  sun  01  stvi  was  obseivcd  If  the  wateh  cannot  be  depended 
upon  to  keep  time  tolciably  well  foi  i  small  mteival,  the  eiioi  of  the  watch 
irnftt  be  foimd  at  two  obscu  vtions,  from  which  you  get  its  late  of  going ,  by 
tins  mcvns  }du  may  dcteiiumc  the  hmo  veiy  accurately  It  flns  be  done  at 
sea,  the  vltitudc  at  the  second  obseivataon  must  be  leduccd  to  the  altitude  at 
that  tune  at  the  place  of  the  fiist  obsei  vvtion ,  the  method  of  doing  which  is  as 
follows  Let  J  be  the  pheo  on  the  coith  to  \\lueh  the  aim  was  vcifical  *t  the 
fiist  obseivvtion,  /  the  place  o/  a  spectatoi  at  the  mat  oboeuation,  #Foi  ZV  » 
tlve  distanec  iim  between  tlie  obscnatious,  then  J,  7 oi  II  would  have  been 
the  zenith  djstanee  it  ihc  fnsLobsei \ation,  if  it  had  been  muL  at  tl  e  place 

\oj    i  '  v 
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wheie  tlie  spectator  was  -when  he  made  the  second  obseivahon  ,,  diaw  V  fF^ 
V  W  pcipcndiculai  to  ZI  md  then,  as  the  angle  T  is  small,  1 V  is  veiy 
neaily  equal  to  IW,  and  TV  io  1W ,  and  theitfoie  they  may  be  consideied 
\s  lespectively  equal ,  hence  ZJV,  ZJV  may  be  conbideied  as  the  diffucnce  oi 
1  he  zenith  distances,  in&easmg  the  distance  m  the  foimei  case,  md  decreasirtf 
it  in  the  lattci  To  find  \\hich,  obseive  the  angle  VZJC  01  V 7L  between  the 
ship's  couise  and  the  sun's  beaung,  and  then  in  the  light  angled  plane*  In 
angles  VZW,  V ZW ',  Me  know  all  the  angles,  and  the  ide  ZV  01  7V ',  the 
obseivcd  distance  tun  by  the  ship,  to  find  ZW  01  ZW ,  which  must  be  i educed 
into  degiees  at  the  late  of  69^  miles  foi  a  degiee  Oi  the  same  thing  may  be 
done  by  the  liaveise  I  able,  which  is  a  Table  ready  calculated  to  take  out  these 
quantities  at  once 

749  The  obscivei  should  be  fin  rushed  with  a  good  HADLEY'S  Quadrant  to 
obseive  the  altitudes  and  distance      Gieitcuc  must  be  taken  to  examine  the 
euoi  of  adjustment  as  ncai  to  the  time  of  obseivvtion  is  possible,  as  it  is  veiy 
liable  to  altei      Altitudes  should  not  be  tikcn  neaiei  the  honzon  than  5°  01  6°, 
on  account  of  the  unceitamty  of  icfi action  at  lower  altitudes      The  puncip  il 
obseivei  is  he  who  lakes  the  distance,    and  as  soon  as  he  has  completed  his 

*      obseivation  he  must  give  notice  to  the  othei  two  obseiveis,  who  ought  to  com- 
plete then  obseivations  as  soon  as  possible,  at  least  within  a  minute      Note 
the  time  also  by  the  watch  when  the  sun  s  or  star's  altitudes  weic  taken,   b> 
which,   and  the  estimated  longitude  at  the  phce  of  obscM  ition,  you  will  have 
no  lily  the  tune  at  Gieenwich,   which  is  neccssuy  in  oidei  to  get  the  sun's  de 
chnation  at  the  time  of  obseivxtion,  in  oidei  to  compute  the  time      A  full  ac- 
count of  the  adjustments  and  uses  of  HADLEY'S  Quadrant,  may  be  seen  m  my 
Pt  acttcal  Asli  onomy 

750  The  accmacy  of  this  method  of  finding  the  longitude  was  cstvbhshed 
by  Di   MASKELYNE  fiom  his  own  expenencc  in  two  voj  iges,  one  to  St  Helen  i, 
and  the  othei  to  Barbadoes,  by  the  following  niefi  igable  pioofs      l   On  the 
near  agieement  of  the  longitude  infcnedbyhis  obsci\ations,  made  within  a  few 
days  01  houis  of  making  land,  with  the  known  longitude  of  such  land      2.r 
liom  the  neai  agieement  of  the  longitude  of  the  ship  fiom  obsemtions  maclo- 
on  a  gieat  many  diffeicnt  days  neai  to  one  another,  when  connected  together  by 
the  help  of  the  common  leckonmg     3    Fiom  the  near  agieement  of  the  longi 
tude  of  the  ship,  deduced  fiom  obseivations  of  stais  on  different  sides  of  the 
mopn,  taken  ou  the  same  night     Foi  hei e,  all  the  most  pi  obable  kinds  of  eiror, 
whethei  arising  from  a  faulty  division  of  the  hnab  of  the  instrument,  a  lefi ac- 
tion of  th,e  speculums  01  dark  glasses,  a  wiong  allowance  foi  the  erjior  of  ad- 

*  The  tmnglesmay  be  consjdeied  as  plane,  on  account  of  the  small  distance  mn  by  the  ship 
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UBtment,  01  fiora  t  bod  habit  of  estimating  the  contact  of  the  shi  with  the 
moon's  limb,  operating  diffeient  ways,  then  effect,  if  any,  must  be  sensible  in 
the  icsiilt  But  in  all  the  double  longitudes  thus  detei mined,  the  diffcience 
v,  w  so  small  as  to  wan  ant  him  to  617,  that  by  good  mstiumcnts  and  caicful 
obseivcrfa,  these  ouois  ma)  be  bo  fai  icduced  as  to  be  of  veiy  little  con- 
sequence,  and  vll  the  obseivitions  which  hive  been  made  since,  igree  in 
confiiming  it ,  and  show  that  the  longitude  thus  deduced  may  bo  detciunned 
to  i  veiygievt  degice  of  accuricy,  and  fully  sufficient  foi  all  nautical  pui 

poses 

751  At  sea,  the  moon  and  sun  01  stai's  altitude  must  be  collected  foi  tho 
dip  of  the  hou/on,  by  &ubti acting  the  dip ,  foi  the  obseivoi  being  on  the  deck 
of  the  &lup  must  see  bdow  his  own  honzon,  and  the  altitudes  aie  taken  above 
his  visible  hou/on  The  following  Table  gives  the  dip  couesponding  to  the 
obfaeivci's  height 


Height 

Dip    Height 

Dip 

Height 

Dip 

1 

0  57 

13 

9'  26 

26 

4  52 

2 

1  21 

14 

3  34 

28 

5   3 

3 

1  39 

15 

<3  42 

30 

5  14 

4 

1  55 

16 

3  49 

35 

5  39 

5 

2   8 

17 

8  36 

40 

6   2 

6 

2  20 

18 

t  d 

45 

6  24 

7 

2  SI 

19 

4  10 

50 

6  44 

8 

2  42 

20 

4  16 

60 

7  23 

9 

2  52 

21 

4  22 

70 

7  59 

10 

3   1 

22 

4  28 

80 

8  32 

11 

3  10 

28 

4  34 

DO 

9   S 

12 

3  18 

24 

4  40 

100 

9  33 

752  The  moon's  tiuc  distance  fiom  the  sun  01  a  fixed  star  as  put  down  m 
the  Nautical  Almanac,  is  thus  calculated  Let  Z  be  the  pole  of  the  ecliptic,  s 
the  tme  place  of  the  star,  m  the  tiue  place  of  the  moon ,  then  Zst  Zim  aie  the 
complements  of  latitudes,  and  the  angle  Z  the  diffeience  of  then  longitudes , 
diawtfpeipendicuhitoZw,  mdbyapher  Tug  log  tan  #/=log  cos  £  +  log 
tan  ^5-10,  and  log  cos  Am=log  cos  Zs+log  cos  frw  +  autb  comp  log  cos 
7t-lO  If  s  be  the  Sun,  Z«=90°,  hence,  i ad  x  cos  «n=cos  Zxsin  Zmt 
or  log  cos  Z+log  &m  ^»»-10,=log  cos  m  IfZbe  the  poleoftheeguatpr, 
then  Z?,  Zm  will  be  tho  complements  of  declination,  and  the  angle  Z  the  dif 
ferencc  of  light  ascensions 


ISO* 
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Ix   I   lo  find  the  moon's  distance  Li  om  the  sun,  on  August  24,  1796,  it 
appaicnt  noon  it  Gieeirwich 

The  sun  longitude  it  the  g«  en  time  is  5  1°  55  58  ,  the  moon's  longitude 
is,  1  13  50  55  the  duTcience  of  \vhichis  108  5  5  the  ingle  sZm  t  also, 
the  moon  <,  hutude  is  4  13  51  ,  hence,  £?»  =  850  46  9 


Jog  cofa   Z=108°     5    5  9,4919538 

Log  &m  Zm=.S5     46    9  9,998814)9 


Log  cos   SOT  =  106      2    1  9,4907687 


Ex   II   Let  the  light   i  ccnsiou  of  a  slai  be  2s  7°  2   25  ,  and  noith  decli 
nation5    28   40,  also  the  nght  ascension  of  the  moon  0     11°  54    4     ai)ji 
south  declination  3°  22   32'  ,  to  find  the  moon's  distance  fiom  the  stai 

In  this  case,  Z  lepiesents  the  pole  of  the  equatoi,  and  the  diffeience  of  ught 
ascensions  is  55°   8   ai/sthe  angle  Z,  alsoZs=84    31    20,  and  Zm-~93° 
22   32  ,  hence, 


Log   co?  .         „       SS?     8    21  9,7570809 

tan  .          84    31    20  *  11,0181922 


Log  tan  %t  =80    28    33  10,7752731 

-93    22    32  - 


Log  cos  tm      -  - 12    53    59  .      9,9888987 

Log  cos  Zs  =84    31    20  -  8,9798200 

Anth  comp  log   cos  Zt     =80    28    33  .  0,7812975 


Log  cos  sm  ~53    46    5O 


9,7500162, 


Thus  the  moon's  true  distance  from  the  sun  or  a  fixed  stai  may  be  calculated 
for  every  three,  hours,  as  given  in  the  Nauttwl  Afyumao 
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Tojind  the  Difference  qf  the  Longitudes  of  two  Places,  by  tfie  observed  Tianuts 
of  the  Moon  and  a  faed  Star  ffoer  the  Meridian  at  each  Place 


75-3    Hub  method  of  finding  the  longitude  was  proposed  "by  Di 
m  the  Nautical  Almanac  ioi  1769      It  is  extiemely  eisy  m  piactice,  and  c\ 
pablo  of  gieat  accuiacy      The  Rtdc  is  thug  mvcstigitcd     Let  P  be  the  pole     no 
of  the  caith  RQ,  P(jr  «i  mcndi  in  of  Gieenwich  passing  thiough  the  moon  at  M,     182 
PD  tiie  raendian  of  any  pthei  place,  and  when  it,  comet,  into  the  situation  Pd 
let  it  piss  thiough  the  moon  it  m     At  each.  Uansit,  obscive  the  differences 
MP  ?,  mP&,  between  the  ugh!  isccnsions  oi  the  moon  ind  a  fixed  stai  S,  the 
duTeience  ol  which  is  the  anglo  MPm,  01'  the  increase  of  the  moon's  light  18 
cension  in  the  mteivol  of  the  tnnsils     Thorn  the  Nautical  dlmanac,  find  the 
inciqa.se  (  1")  of  the  moon's  light  ascension  in  13  hours  appoient  time,  ind  IB 
duce  it  into  mean  time  thus,  let  d!  =  th0  vaintiou  of  ike  equation  of  time  m  12 
houis,  then  12  horns  appaient  time  IB  12/t  ±a  of  mean,  time,  wheie  the  sign  h 
is  used  if  the  equation  be  increasing  and  addttwe,  01  den  easing  and  sublt  acttoe  , 
and  the  sign  —  ,  when  tnci  easing  and  subfraclwet  01  deo  easing  and  additive 
Now  A    Mpm    12/i  ±a    x  Uie  angle  (expicsscd  in  mean  time)  dcscnbed  by 
i  mondian  of  the  caitli  m  the  time  the  atoon  dcsciibes  Mpm  hence,  a  x  Uf  = 
the  angle  DPm  of  longitude  descubcd  by  a  mendi  in  m  that  time,  becau&e  in 
12  horns  mean  time  the  oaith  icvolves  thioudj  180"  x  £S4-  of  longitude,  veiy 
neaily     Consequently  the  duTeience  DP&  4f  Jfcfr  luewtdtans  *K  f  x  3-al  -  Mpm 

If  the  places  do  not  duTei  much  in  longitude,  r  x  4$$=*  +     a     sufficiently 
near  ,  in  thw  case  also,  the  apparent  may  be  uaed  Jbr  the  mean  tune 

Ex  On  Juno  18,  1791  ,  the  following  observations  of  the  passage  of  the  moon 
a  Sarpentts  were  made  at  Gieenwich  and  Dublin  Obsetv  ttoiies 


AT  DUBLIN 

Bight  asccp&wjj  of  j>'sfiistl«nb        «  iff    & 

#  is  93 


DftUy  rate  of  clock,  -16  ',88      *       -      -       *      -f     o,afl 
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Ar  GErENWICII 


A  R  •»  '*>  fust  limb  1553  ,52  at  91'  S6  appoient  time 
A  R  of  «Seipenlib  15   33   34,70 


28    31, 18 
27    24,74 


Difference        -  l     6, 44  =  16    36",6  in  space 


As  the  places  do  not  diffei  much  in  longitude,  it  is  unnecessaiy  to  reduce 
appaienl  to  mean  time 

This  diffeience  16   36  ,6  is  the  increase  of  the  moon's  right  ascension  in  the 
mteival  of  its  passages  ovei  the  meudnm  it  Gieenwich  and  Dublin  Obseivato 
lies     By  the  Nautical  Almanac,  we  find  the  following  differences  of  the  light, 
ascensions  oi  the  same  limb  of  the  inoon,  and  the  stai,  about  the  same  time , 

Difference 

June  12,  midnight       213°  \  5  ^ 

13,  noon  220  38 

13,  midnight    228  11  * 

14,  noon       235  53 
14,  midnight   243  43 

If  the  places  diffei  much  in  longitude,  the  motion  in  light  ascension  should 
t>e  calculated  to  seconds 

The  second  diffei ences  aie  always  sufficiently  umfoim,  that  we  may  tike  7° 
57,5,  the  middle  of  the  fir&t  diffei cnccs,  foi  the  iate  of  increase  foi  12  hours 
at  the  middle  time  Hence,  7°  37,5  16  36,6  12A  on  =1568  ,418,  and 

as  +    ...f,.,  .  =  26    12  ,77j  consequently  the  difference  of  the  longitudes  is  26 
6  x  60 

12 ,77  —  1    6' ,44 1=25   6  ,33     Di   BEINKLEY  was  so  good  as  to  favour  me  with 
this,  and  he  further  obseives,  that  when  the  two  places  differ  much  in  long! 
tude,  an.  allowance  ought  to  be  made  foi  the  change  of  the  moon's  semidiame 
ter  in  the  interval  of  the  passages  ansing  fiom  its  change  of  distance,  and  also 
foi  the  change  of  semidiameter  in  light  ascension  fiom  its  change  of  dechna 
ion     He  very  stiongly  recommends  this  method,  as  being  extremely  easy  in 
practice,  and  Capable  of  great  accuiacy,  fai  beyond  that  fiom  the  eclipses  of 
Jupiter's  satellites 


METHODS  OF  ntfDJNO  THT   LONGI1VBF 

To  find  the  Ltfewre  oftiie  Longitudes  of  two  Places,  from  the  Occupation  of  a 

Jixcd  Star  by  the  Moon 

754  The  puncipal  piit  of  the  calcuhtion  is  made  by  the  following  Rule, 
given  by  Di  MASKELYNE,  foi  finding  the  Uue  longitude  -vnd  latitude  of  the 
point  of  occupation  in  the  moon's  liinb 

I  Find  the  angle  between  the  paialltls  to  the  eclipUc  and  equator  passing 
though  the  stai,  by  saying,  cos   sUi's  latitude    cos  of  its  light  Ascension 
sine  of  the  obliquity  of  the  ecliptic    sine  of  the  angle  between  the  paiallels 
This  may  also  he  found  by  Table  XXVII  and  XXVIII  at  the  end  of  Volume 

the  second  . 

II  Fiom  9  signs  to  S  signs  of  the  light  ascension  of  the  stai,  in  a  place  ot 
north  latitude,  the  paiallel  to  the  ecliptic  ascends  above  the  paiallel  to  the 
cquatoi  ,  but  fiom  s  signs  to  9  signs,  at  descends  below  the  same     The  contraiy 
foi  a  place  of  south  latitude 

III  If  the  paiallel  to  the  ecliptic  ascend  above  the  paiallel  to  the  equatoi, 
subtiact  the  angle  just  found  from  90°  ,  but  iTit  descend  l>ck<s>>  add  it  to  90% 
<vud  you  will  have  the  angle  between  the  mendian  passing  tluough  the  stai   md 
the  paiallel  to  the  ecliptic 

IV  Subtiact  the  light  ascension  of  the  stai  from  that  of  the  mendian  of  the 
plate,  01  the  light  ascension  of  the  mendun  fiom  that  of  the  stai,  bonowing 
360°  if  neccssaiy,  so  that  the  icmoiudei  may  be  undu  180°,  and  you  will  have 
the  horny  angle  of  the  stai,  which  will  bo  cist  01  west,  accoidmg  is  the  ught 
ascension  of  the  mcndian  WOE,  subti  vcted  fiorn  that  of  the  stai,  01  the  light  as 
tension  of  the  stai  subti  acted  fiom  thai  of  the  mendian 

V  With  this  angle,  and  thestai  s  dctllnatton  and  latitude  of  the  place  (coi 
lectedfoi  the  spheioidital  figme  of  the  cuth,)  compute  the  stai's  altitude,  and 
the  xnglo  of  position  at  the  stai 

VI  If  the  stai  be  east  of  the  mendian,  add  the  anglo  of  position  to  the  angle 
between  the  mendian  and  paiallel  to  the  ecliptic,  but  if  the  stai  be  to  the  toest 
of  themciidion,  subtract  the  foimer  Aom  the  lattei,  bonowing  360  if  neces 
tmy,  and  you  have  the  angle  between-  the  veitical  cucle  and  the  parallel  to  the 


To  the  sine  of  the  moon's  equatoiial  parallax  (coirccted  for  the  sphe 
loidical  figure  of  the  caith)  add  the  cosine  of  the  stoi'S  altitude  and  the  sme 
of  the  angle  between  the  veitical  cucle  and  the  paiallel  to  the  ecliptic,  and 
the  sum    leiecfang  20  from  the  index,  is  the  sine  of  the  principal  pait  of  the 
poiallax  in  latitude     Ihis  must  be  added  to  the  stai  s  latitude,  if  of  the  some, 


i 


i 

II 
1     i 
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denomination  with  the  1  ititude  of  the  phce,  but  subtracted,  if  of  i  cwt,  m  y 
denomination,  unless  the  ingle  between  the  \eiticil  cncle  and  the  pan  llcl  to 
the  ecliptic  is  gicitci  thin  ISO0,  when  it  must  be  applied  m  a  eontiaiy  m  uinci, 
to  obtun  the  tine  htitudc  ncaily  of  the  point  of  the  moon  s  limb  at  which  the 
occult  ition  hippens  This  is  to  be  collected  by  a  small  cnuntity  found 
heieaftei 

VIII  To  the  sine  of  the  moon's  eqiuloud  pualHt  (collected  as  bcfoie) 
add  the  cosine  of  the  st\i\,  altitude,  the  cosine  of  the  in  "le  between  the  va 
tical  cnclc  and  the  paiallel  to  the  ecliptic  UK!  the  anthnicticil  coinpltracnl  of 
the  cobinc  oi  the  latitude  of  the  tiue  point  of  occupation,   found  neatly  in  the 
last  AiLiclej  and  the  sum,  i  ejecting  20  fiom  the  index,  is  the  sine  of  the  pual 
lax  in  longitude 

IX  To  the  const  ml  logauthm  i  7U4  add  twice  the  sine  of  the  pai  illax  m 
longitude  and  the  sine  of  twice  the  Hue  hutude  o(  the  point  of  occupation 
found  nculj,  and  the  sum,  itjecluu;  30  horn  the  mdcv,  is  the  log  uithm  oi   i 
numbei  of  seconds,  which  subli  acted  iiom  the  tiue  latitude  of  the  point  of 
occultation  of  the   moons  limb  found  neuly  by  Ait    VII   gives  the  tiue 
latitude  of  tint  point  conecll) 

X  If  the  angle  between  the  veitical  cucle  and  the  parallel  to  the  ecliptic  be 
more  than.  270   01  /ess  than  90  ,  add  the  paiilhx  of  longitude  to  the  longitude 
of  the  stai  ,  but  if  that  angle  be  moie  than  90°  and  less  than  270  ,  subtract  the 
paiallax  in  longitude  fiom  the  longitude  oi  the  stu,  ind  you  will  hive  the 
true  longitude  of  the  point  of  the  moon  •>  limb  wheie  the  stu  immeiges  or 
cmeigcb 

net          DrMONSTUATiON      Let   T  6  be  the  ecliptic,  <r  K  the  cquatoi,  S  the  stai,  7 
183     the  /enith,  P  the  pole  oi  the  equatoi,  jp  the  pole  of  the  ecliptic,  xnd  di  iw  'the 

gieit  cucles  P&A9  PZB,p*>v,  7WI,  and  Sm,  Sn  peipcndicuhi  top^  uid  PS 

icspectivcly     Then  by  Tug  Ait  212 


•Cos   <v  zA 
Cos  wS 

sin  ty 

lid 

COS 
COS 

vsA 

iad 

sin  zSv 

Cob  wS 

bill    iyi 

eob 

v  A 

sin  ^Aw, 

winch  proves  thefiist  propoition  of  the  Rule,  and  by  taking  the  storm  all  pos- 
sible situations,  the  second  and  thud  uticlcs  aie  found  to  be  tiue 


As  P>&=;90%  WP&mSn  =  PSm,  according  to  the  cases  in  the  Rule 
Also  (rJBi-'  <vA  —  AJ3  the  ineasaire  of  th«  angle  ZPS 


i  ^  in    1  rt 
tudc  o£  Uio  point  5  of  the  moon's  liinb,  we  have  the  pai  Uhx  in  latitude  = 

butif/i=tliLhon/ont'vlpatUlixofUicmoonJihcu 
' 


xuu 


^m  ,  . 

m  stus  vpp   7tmUidist  >  thciefoie  the  niit  md  punapal 
i/xyu  stu's  ipp  /cmthdLst    xsin   Z^,  ^hac  the  syn  is  H  «n-, 
ng  as  the  laUtudi  o/  tho  phce  „  noitb  ox  &outh,  except  ^n  is  moie 
80?  ^hen  it  bccomeB  of  a  conhazy  donommaUon,  that  is,  -  m  noi  h  I  iU 
de     Having  gotten  the  true  hfalude  nea.ly,  befoie 
U1C  puolh'm  hMude,  we  ^  find  iho  P  u  Jl«  m 


longitude 

Rod     Bin  ^5    sin  A    sin  J*  (154) 
Had     sin  tir  (cos  ZSm)    sin  5j?    Bin 
Cos  rw    rod     sin  IT    an 


_ 
xcoa  /P    bin  2?6xcob  y?bm    sin  /t    bin 

sin  ^S  x  cos  JSm  x  sm  h  ^  ^^  Qf  ^0  paialkx:  in  longt 
hence,  sm  qa*=  --  i^d  xcos  rv 

the  Eule     This  p-ualUx  will  be  +  ,  tint  is,  easily,  01  -  , 


duce  the 


VOL    I 


thng  Bin   rpoxsm  ^    and  ^  Af- 

1JJLU9        ttf  —  ""  /^ 

*  See  the  Note  to  ET  Art  164 
37 
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Lh  ZPS   PS  and  PZ,  compute  £S,  and  Z9P  which  »  heie  called  the  J 

of  posion,  but  it  u,  not  the  mgle  gcnei  xlly  undeistood  undei  tins  appel  I 

LsZSm,  which  will  be  found  to  agiee  with  the  llulc  in 

ihr  diffeicnt  cases,  as  theie  stited 

I  ;  be  the  noith  01  &outh  pole  of  the  echpUc,  aeeoxchng  as  Uie  phce 
1S  in  noidi  01  south  htitude  (no  mattei  ^hetha  p  be  elevated  above  tic 
honzou  01  not),  6  the  stu  touching  the  moons  limb  Si  the  poiUUv  in 
alutudc  oi  Uiit  p-ul  oi  the  moon  s  limb,  Uien  &£^  TolL"^; 

pTifSl  toDthePecl^tic!  and  STpolUon  of  v  Slcafc  caide  Peil'endlculai  *° 
then  the  tiuc  latitude  *  (ipomt  of  the  naoon  s  hmb)«*r-«-"— ' 

Si  x  cos  tA*-j-tl£-tp*"  G360"11136         — 

.,  i£  thciefoic  uom  this  we  subtuct  «S,  the  vppaiont  lati 
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x  iad 


hence,  tins  second  pait=-sn  .^.  xsm  tax  cos  an-  -! 

^  x  nd  3  A  •*          2 

x  cos  w  =s  -  -  -  £—.  x  sin  2w,  ind  to  leduce  this  to  seconds  of  i  degiee, 
we  h  ivc  206264  ,8  the  seconds  in  in  11  c  equal  to  ladms  ,  hence,  i  id  =  1     — 


2»r     206265       -51566'  x^,    but  the  lo 


of  51566  is  4,7124,  ind  ipS  is  the  pinlhx  m  longitude  ,  tins  theiefoie  pioves 
tin  tiuth  of  the  Rule  for  the  second  put  of  the  pmllix  m  htitude  This  is 
ih\  iyb  of  i  conti  uy  denommition  to  the  moon's  htitude 

755    I  Jus  cilcul  ition  being  n  ulc,  we  veiy  icidily  find  the  diffuence  of  the 
longitude  of  two  phceb  by  the  following  Rule 

I  Fiona  the  mendnn  obscivitiom  of  the  moon,  compute  its  true  htitude 
ind  longitude,  ind  compile  it  with  the  hlitude  ind  longitude  computed  liom 
the  Tiblcs  (which  miy  be  tikcn  fiom  the  Nautical  Almanac'),  and  we  get  the 
en  01  of  the  Tables  in  htitude  ind  longitude 

II  Compute,  by  the  above  Rule,  the  tiue  htitude   ind  longitude  of  the 
point  of  the  moon  s  limb  wheie  the  occult  ition  tikes  phce 

FIG          HI   Tike  the  difference  CP  of  the  latitudes  of  the  point  of  occupation  ind 
184       the  moon,  s  ccntci,  ind  knowing  (7s  the  moon's  scmidiunctei,  wo  have,  log    sP 

=log  ~ 


. 

IV  land  the  viluc  of  sP  in  longitude,  by  dividing  it  (108)  by  the  cosine  of 
the  stii's  latitude,  and  we  get  the  ttue  difluence  of  longitudes  of  the  moon  ind 
stu,  which  diffucnce  ipplud  to  the  tiue  longitude  of  the  stai,  gives  the  tiue 
longitude  of  the  moon's  ecntei  at  the  tune  of  the  occult  ition 

V  I  ind  the  same  fox  my  othei  place,  md  tike  the  chfleience,  and  then  say, 
is  the  moon  s  homy  motion    that  diffuencc    one  horn    the  time  between  the 
immeiMons  it  the  two  phccs 

VI  Apply  tint  tune  to  the  time  of  oecultation  it  one  place,  and  the  diffeience 
between  that  lefault  ind  the  time  of  oceultition  it  the  other  phce  gives  the  dif 
feicnce  of  longitudes 

EXAMPLE 

On  Mai  oh  27,  1792,  the  immersion  ofJldebaran  at  the  moon's  daik  limb  at 
Gieenwich  was  at  8/z  37   36  ,8  appaient  tune,  ind  at  the  Obseivatory  of  In 
miy  College,  Dublin,  it  was  at  8//  4  51  ,5ippnent  time,  to  find  the  difference 
of  then  longitudes 


METHODS  OF  FINDING  TOT  lONGITUDr 

i 
I 


As  the  nnmeisions  only  weie  obseivcd,  it  is  necessaiy  lo  hive  the  exact  la 
titude  of  the  moon  at  the  unmusions,  foi  finding  which  we  have  the  Mowing 

obsoivitions  ,        . 

By  obscivations  at  Gieenwich  on  the  day  of  occultaUon  when  the  moon  piss 
cd  the  inendiaii,  the  nght  aacension  of  its  fiist  limb  wis  found  to  be  63     35 
55  ,8    ind  the  /cmth  distince  of  its  lowei  limb,  couected  foi  lefiaction  and  tho 
enoi  oi  the  hue  oi  colhmafaon,  was  35°  41    0  ,7,  ind  the  apparent  time  of  its 
passage  wa-,  Ah  46   10      Hence,  ita  latitude  by  obseivition  wis  4    38   40  S 
xnd  its  longltude  wis  64°  55   57  ,2     By  tht  Nautical  Almanac   its  lititudc 
computed  was  4°  38  40  ,  md  its  longitude  was  64°    56    47  6  ,  heucc,  on  th  vt 
da>  theie  was  no  ciioi  in  the  fibles  of  the  moon  s  latitude,  but  an  euoi  of  + 

50  ,4  in  its  longitude  . 

By  the  Nautical  Almanac,  the  moon's  htitude  it  Uie  immeihion  it  Gieenwich 
vas4  44  52,7S,inditthc,Ob3eivatoiyitDubhnitwis4  4443,7  Ihe 
ippiient  longitude  of  Aldebaim  wis  66°  52  59,2,  md  its  appaient  lilitude 
£  29  5  6  its  light  ujccnsion  was  06  ,  ind  lib  dcclinition  was  16  4  ,4  ,  the 
obliquity  of  the  cchptic  wis  23°  27  48  ,  and  the  moon's  homy  motion  m 
longitude  w-w  30  9  ,2  by  the  Nautical  Almanac 


Loc  cos     5    29      5  ,6  ™th  comp  0,00200 

S   COS   66      0      0 
Sin   28    27    48     , 


sm    9   21   48          Z.bet  Heel  and  II  equat  9,21137 
90      0      O 


80   38   12  the  ingle  between  the  meudiin  pissing  thiough 


the  stai  ind  a  pnallel  to  the  ecliptic 


Calculation  for  the  Obsetvalory  at  Greenwich 

Eight  ascen  of  the  mid  heaven  at  immeision    91     6'  34  ,5 
__  .  -  btii  4   24     0 

Horaiy  angle  70°  38,6  4   42   34'5 


Witlithi^andiJjedechnationie0  4,4,  and  htitude  i  educed  51'    14,1,  ve 
find  the  angle  of  posit,on=40    29  ,7,  and  the  stai's  altitude  =  24°  32,3,  hence, 

2 
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80°  38,2-40°  29,7  =  40°  8,5  the  ingle  made  by  a  veitical  cucle  and  a  pa 
i  illtl  lo  the  ecliptic 

The  moon  s  cqintonal  paiallix     ~54   45  ,9  ("Naut  Aim  ) 
Reduction  (169)  _8,  7 


Honzontil  paiallax  leduced  54   37,2 


&m       54   37  ?2  hoi  par  red  8,20106 

Cos       24°  32,3  stai's  altitude  9,95889 

Sin       40     8,5  /bet  vei  cncle  and  ||  eel  9,80934 


ibin       32      l  ,9  paiallaxin/aft&«feneaily              7,96929 
5°  29      5,  6  S  ht 


4   57     3,  7  tiue  lat  of  the  point  of  occupation  nearly 


Sm   54   37 ',2  horizontal  paiallax  8,20106 

Cos  24°  32,3  stai's  altitude  9,95889 

Cos  40      8,  5  /bet  vei   cnclc  anH  ||  eel  9  88335 

Cos     4   57  ti  lat  of  point  of  occ  neaily— ar  com  0,00162 

Sm    38     7'  ,5  parallax  in  longitude  8,04492 


Constant  loganthm  4,7124 

2xsm  par  in  long  16,0898 

Sm  twice  tiue  latitude  9,2353 


Joganthm  of  1  ,1  *  0,0375 

4     57    3,7 


4   57    2,6  tiue  latitude  of  the  point  of  occupation 


or  lONonu  533 


Apparent  longitude  of  Aldelaran  2"  6°  52   59,2 

Pai  Ulax  38     7»  * 

Longitude  of  the  point  of  occullafaon  2    7    31     6,7 

Lit  of  point  5  of  moon-ht  of  cenlei  C=4°    57    2,6-4°    44    52,7  = 
12   9',9s=CP,   alsoCs  =  14   55,4, 

Hence  Cs    —  U   55  ,4. 
C?P  =12     9,  9 


=  27     5,3  =  1625',3  9,2109385 

Dlff  =    2  45,5=    163,3  2,2187980 

2)5,4297315 

2,7148657 
Log  cos  lit  ™th  comp    0>QQ16228 

Log  520',6r=8    40,6—  sP  2,7164885 

2'  7°   31    6,  7  longitude  of  *  •  -  - 

2     7    22  26,  1  long  of   «  'B  center  at  immer  it  Greenwich 


Cakulattonfor  Uie  Obsetvatory  qf  Tttmty  Cottege,  DubUn 

Richtisccn  ofthemidhetvenitimmemon  8l  33  48,5 
_!  _  _b1/u  -         4    24      0 


Hoiaiy  angle  62°  27' 


4     9  48'3 


With  this,  and  the  declination  16°  4  26',  and  latitude  reduced  53°  9,  we 
find  the  angle  of  pos!tion  =  S70  32,  and  the  sUu's  altitude  =29°  12  9,  hence, 
80°  88,2-87°  S2'=430  6,2  the  angle  made  by  a  veibcil  cucleand  a  paiaiiei 
to  the  ecliptic 
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The  moon's  cqn  atonal  paiallax  54.   4,5  ,9 

Reduction  —9,1 


Hoiizontil  paiallax  54, 


Sin       54  36,8  hoi  pai  led  8,20100 

Cos      29°  12,9  stai  s  altitude  9,94091 

Sm       43      6,2  Abet  vei  cucle  and  ||  eclip  9,83462 

Sin       32  34 ',2  paiallaxm  latitude  nesaly  7,97653 

5°  29      S,  6  b  lat  


4    56    31,4  tme  ht  of  the  point  of  occultation  neaily 


Sm  54    S6',8  hoi  pai  icd                 -  8,20JOO 

Cos  29°  12,9  stai's  iltitucle  9,94091 

Cos  43      6,2  Abet  veit  cnclc  and  ||  eel  9,86340 

Cos  4    57  ti  lat  of  point  of  occ  neaily  ai  com  0,00162 


Sin     34    55  ,9  paiallax  m  longilude  8,00693 


Constant  logarithm  4,7124 

2xsm  pai   in  long  16,0154 

Sm  twice  tiue  latitude  9,2346 

Logarithm  of  0 ',9  _  i  ,9624 
4°  56    31,4 


4    56    30,  5  true  latitude  of  the  point  of  occultation 


Appai  ent  longitude  of  Aldelaran  2s  6°  52   59,2 

34   55 


Longitude  of  the  point  of  occultation         2    7    27    55,1 


Lat  of  the  point  s  of  moon -lat  of  centei  C=4°  56   30,5-4°  44'  43",7: 
11   46,8  =  CP,  alsoCs=14  55,4, 
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Hence,  Cs  =U  55,4 
=H    46,8 


Sura  26    42,2=1602',2  -     3,2047167 

Dzff     3      8,6=    188,6  2,2755417 

2)5,4802584 


2,7401292 
Log  COS  lal  anth  comT?    0,0016228 

Log  551,8=9    11,8  =*P                                       3,7417520 
2'  7°  27  55, 1  longitude  of  s  • 

2   7    18   43,3  long  of  D'S  cent  atunraei  at  Dublin  Obsei 
2  7   22   26,1  — Gieenwich 


Dlff      003    42,8 


Iloncc,  30  9  ,2  (  a 's  hoi  mot  m  long  )  3  42',8  1  horn  7  23  ,3  the 
time  between  the  immersions  -it  Gieenwich  and  the  Obseivatoiy  of  Timity 
College,  Dublin 

ImmeisionatObsei  of  Tim  Coll  Dublin        &    4  51,5 

7   23,3 


Time  at  the  Obsei   of  Tnn    Coll    Dubhn,)     8    12  u  8 

•when  the  occult  happened  at  Gieenwich$  ' 

Time  of  occultation  it  Gieenwich  8    37    36, 8 

Longitude  of  Obser  Tim  Coll  Dublin  25   22, 0"W 

Foi  this  computation  I  am  indebted  to  Di  BRINKLEY,  who  obseives,  that 
the  accuiacy  in  the  lesult  will  not  be  affected  by  an  euoi  in  Uie  longitude  of 
the  stai,  and  that  A  small  euoi  m  its  latitude  will  not  sensibly  affect  the  lesult, 
when  the  places  do  not  differ  much  in  longitude  and  latitude 
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lojind  tin,  Diffii  uice  oj  J  ou^ilwlei  oft  oo  Placet  fr  om  a  Solai  J.  clqjsc 

I  1'ind  (ICJt)  the   moons  puilhxm  htitudc  md  lo  igiludc  foi  the  guca 
time  ind  place  of  obsuvition 

II  Compute  the  moon  s  tine  htitmle,    uul  to  it  ipply  the  cnoi*  of  the 
I  iblcs,  ind  you  get  (he  tuic  1  ititude  concetly  ,  lo  \vluch  ipply  the  pii  ill  ix  m 
lititudc,  ind  jou  get  the  ippuciit  1  ititude  J/J?,  M  being  the  ccntei  of  the 
moon,  S  ot  the  sun,  SL  the  ecliptic,  nut  Ml1  pcipeiidiculu  to  it 

III  Hence,  loi  the  beginning  01  end  ol  the  eclipse,  knowing    SAT  the 
bum  of  the  senndiimeteis,  01    xt  any  othei  time  knowing  the  dist  race 

of   then    centcis  fiom   obseivition,    we    get    £>L   ~   ^/  ^M*   —   AIL* 


y'S  l/4-Jl/7i  x  &  M  —  All    the  jppaicut  diffucnce  of  longitudes,  to  which  ip 
ply  the  panlhv  in  longitude  md  )ou  bet  the  tiue  chifeiencc  of  longitude,  of 
the  eentcis 

IV  .Then  siy,  as  the  hoiuy  inotieHi  of  the  moon  fiom  the  sun      tint  dif 
feicnce     1  houi     the  time  between  the  obseivition  md  the  lime  of  the  tiue 
conjunction,  which  ipphcd  to  the  time  of  obscivation  gives  the  time  of  the  tiue 
conjunction 

V  land  the  same  foi  my  othei  pi  ice,  md  the  difleicncc  of  the  times  gives 
the  diffeicnce  of  the  longitudes 

F\AMPI  L 

On  Scptembci  4,  1799,  the  beginning  of  a  solai  eclipse  at  Giccnwich  was 
obseivcd  to  be  at  21//  39   21    ippuent  time,  at  the  Obscivxtoiy  of   1  unity 
College,  Dublin,  the  beginning  was  its//  4   50,2  sidcieil  time,  01  21  h  b  47 
ippuent  time,  the  middle  at  9h  36'  12    sidcicil  time,  01  22h  37   5  A  6    ip 
paient,  md  the  bieaelth  of  the  lucid  put  at  the  middle,  measmed  with    i 
divided  object  glass  miciomctci,  was  6   47  ,  to  find  the  difleienco  of  the  Ion 
gitudes 

Calculation  for  the  Olsenatoty  at  Dullin 

The  latituele  is  53°  23,3,  and  the  leduction  (173)  14,3,  hence  the  latitude 
reduced  is  53°    9      1  he  obliquity  of  the  ecliptic  was  23°   27 ,7,  the  moon  s 

*  The  en  or  of  latitude  of  the  Tables  la  found  by  compiling- the  htitude  deduced  fiom  obsena 
tion  with  the  computed  laUtude ,  in  this  Example    it  is,  found  fiom  the  observation  of  the  middle  of 
the  ellipse     It  cannot  here  be  found  so,  it  was  at  the  occultation  of  a  fixed  stai  bj  the  moon  fiom  i 
mendnn  observation  of  the  moon  as  such  an  obseivition  cannot  be  made  dt  01  neai  to  the  lime  of 
the  eclipse  the  moon  bung  invisible 
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homy  moUon  m  longitude  was  29   37  ,9,  m  latitude  2   42  ,8,  and  its  hoiaiy 
motion  fioin  the  sun  27    12,1 

lust,  to  find  the  ciioi  of  the  Tiblea  in  latitude  flora  the  obseivation  of  the 
middle      At  the  middle,  the  moon  9  latitude  by  the  Tables  was  37    43  ,  and 
longitude  162°  51  ,  aud  the  light  ascension  of  medium  cceh  was  Qh  Jb   12 
=Hi    5  ,  hence  the  Mowing  calculvtion*  to  find  the  paiollax  in  latitude 
ind  longitude 
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Cos 
Cos 


114    3  light  tsccnsion  med  coch 
53    9  latitude  i  educed 


Cos  aic  I  =119   2,8 


9,90823 
9,77795          , 


9,68618 


Cot  53°  9'  lat  icd 

Sin  144  3  light  vscen  med  cceli 

Cot  aicll=66°  15 
Obhq.  eel  =23    27,7 


Sm  ucIII=42    47,3 
Sin  aid  =119     2,8 

Cos  alt  non  =53°  34,2 


9,87474 
9,76870 

9,64344 


9,83205 
9,94161 

i.       i    • 
9,77366 


I       I 


Cos  oiclll  =42°  47,3 
Tin  aicl  =119      2,8 

JLm  long  non 
Moon'9  longitude 


=  127°    7 
=  162    51 


Moon'b  dist  flora  nonag   35   44 


9,86561 
10,25541 

10,12102 


*  Dr  BIUNKITY  made  hib  Cilculations  by  Ibis  Rule     Lot  T=lhe  latitude  icduued    0=obl    eel 
A^AR  of  medium  cosh    then  POJ   A-\  cos   L=cos   arc  I  wbich  is  gicolu  Unn  a  quadrant  m  the 
accond  and  IhndquadiinU  of  med  coil     Cot  L4-un  yJ=nc  II  winch  n.  -dwaya  lesi.  thin  a  qua 
dnnt     Arc  II  ±0=nrc  III  where— takes  plao«  when  Anca  is  West  of  the  mendion   and  + 
when  I  asl    Co   oi  alt  nonag  =sm  aic  I  +sm  arc  III  Tan§,  lon%  nonag  =coq  arc  III  +tan  uc  T 
When  aic  III  is  las  thin  a  ([uidranl  the  long  nmag  w  of  the  same  aflcction  as  A    when  Orcatei  of 
the  same  atkction  as  art.  I 
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The  moon's  eqmtoiul  paialhx 
Reduction 

Moon's  hoitzontal  paiallax 
Sun's  hoiizontal  pu  illax 

IIoi  pii  D  fiom  o 


12 
8,9 


54      3,1=3243  ,1 
8,6 

3234,  5 


Log  3234,5 

iSm    53°  S4,2  lit  nonig 

Cos  37    43    <c'sht  by  Tab 


Sin  35°  44)  ([  's  dist  fiom  nonag 


3,50981 

9,90557 

auth  comp   0,00003 


1520  =;  25   20' pai  m  long  neaily 
35°  44 


3,41541 
9,76642 

3,18183 


36      9 


9,77078 
3,41541 


Log  1535,3=25   35  ,3  pai al  in  Longitude        «    3,18619 


log  8234,5  * 

Cos  53°  34 ,2  alt  nonig 
Cos  app  lat   <t 


8,50981 

9,77366 

anth  comp   0,00000 


Log  1920',8=32     0,8  first  part  par  mlat 
37    43       <j  's  lat  by  Tab 


3,28347 


5   42,2  apparent  latitude  very  nearly 
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Log  8234,5  3,510 

Sin   5-3    S4',2  alt  nonig  9,906 

Sm  5  42  ,2  spp  lat  of  <t         -  7,220 


Cos   35°  44  +25    35 
2 


Log          8  ,5  second  pait  par  lat 
32    0,  8  fiist  pail 


31    57  3  pai  dkx  in  Latitude 


Motm's  horizontal  <,emidiamfcter  14  46 

Inflex  light  -  -3 


14   43 

Augmcn  foi  j>  's  alt  35°  +9 


Moon's  semidiametci  -  14  52 

Lucid  pait  at  the  middle  6  47' 

-6* 


S  40  the  dis 


i 
i 


Collection  of  lucid  pait  6   41 

I  he  moon's  scnudiametoi  14    52 

Sum  * 

Ihe  Bull's  senudiaraetct  -        13    33  i 

I 


•  Dr  BHmiwobscncH  that  impeifcct  01  bad  achioimlic  telescopes  are  found  to  five  the  sun  a  ' 

<liamclci  hreaU.i  than  iticillyis     M«THB  tcli  scope  which  was  not  achromatic  gave  accoidinglo  " 

the  Idtc  obscu  Uioni  of  Dr  M  VSKI  LYNI  the  sun  i,  diamctu  too  Bi  eat  as  set  clown  tn  the  Nautical  Al  i1  '  i 

tnanac  by  0      An  iclitomilic  Tiidi  aduided  object  gla  s  nuoiometcr  may  be  considered  at,  an  uidif  l'    ' 

fcrent  tcli  copf  jxihap?  little  better  Uim  n  tdo  cope  which  is  not  ichiomafar     I  have  theiefoie  di  ',] 
minislitd  the  luenmc  6      I  could  gi\c  se\enl  icason  why  I  hi  it  at  6      The  collection  may  be 

dttputcd    but  it  is  of  little  01  no  coniequence  in  Ihe  lusult  except  when  the  tiue  ronj unction  is  de  I 
ternimcd  teparalcly  fiom  Ihe  begmnin    ind  eud  and  not  then  of  much  except  the  eclipse  be  stmll 

Di   MA&Kfunr  Ins  found  the  sun  s  diameter  as  put  down  m  the  hauttcul  Almanac  6  too  much  j  '' i 

that  coi rectum  thercfoic  to  the  di  imctcr  in  the  Aa«*«,oJ  Almanac  is  heie  ipplicd  ]l  [ 
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tance  of  the  ccntei  of  the  sun  fiom  tint  of  the  moon  ,  and  is  the  apparent 

path  of  the  moon  makes  in  angle  of  only  ibout  1°  5  40  with  the  ecliptic., 
itmiybe  conwdeied  as  the  moon's  vppuent  latitude  at  the  middle  of  the 
eclipse 

Appaient  latitude                                        »  5    40 

Pu  ill  ix  m  latitude  31    57 }  3 


Tiue  latitude  by  obseivation  37    37,  3 
by  tlie  Txbles                 -  37   43 


1  n  01  of  the  T  ibles  in  J  ititude  —  5,7 


fofmd  the  hue  Time  of  the  Conjunction  al  Dublin  Obsenatoiy 

I  atitudc  of  Dublin  Obsei vatoiy  i c duccd = 53    9' 

Cos  121°  12,6  light  asccn  mcd  call  9,71448 

Cos     M      9      ht  led  9,77795 

Cos  aid  =108    6,5  9,49213 


Cot      53°     9  ht  ud  9,87474 

Sm     121    12,6  ught  i  ccn  mcd  coeli  9,93211 

Co,    aicIT=57°  20,5  9,80685 

Obliq  ccl    -W    27  7  

Sin   nc  III  =  j3  52,  8  9,7462O 

Sm    uc  I  =108    6,  n  9,97793 

Cos  alt  noriiq;— ;8     0,5  9,72413 
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Cos  lie  III  =33°  52,8                    -  9.91920 

lui   ucl   =108      6,5  10,4,854.5 

Txn  long  nonog  =111°  29,9  10,40465 

Moon'g  longitude  =162      6    (Naut  Aim)  • 

d'&dist  a  nonig  =50   36, 1 
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Moon's  equaton  vl  pai-vllax 
Reduction 

Moon's  hon/ontol  paialhx 
Sun  9  hou/ont  it  p-u  illax 

Ilon/ontil  paiallax  of  j  fiom  O 

Moon's  latitude  by  J  iblcs 
EuoiofTiblc* 

Moon's  Uuc  latitude 


54    11 
-8,9 

54     2,1  =  3242,1 
=        8,6 

S233, 5 

S3    86   N 
-5,7 


•33    30,3 


log 

Sm  58    0,5  -Ut  nonig 

Cos   3S   SO  ,3  <L  's  tiue  lit 


&m  50°  36,1  d'sdist  horn  nonig 


t.        3,50967 

9,92846 

Tilth  comp  0,00002 


Tog  2119,3=35   19,3  pai  in  long  neaily 
50     36,1 


bin 


51    11,1 


3,48815 
9,88804 

3,32619 


9,89166- 
3,43815 


log  2136,8  =  35  36,8  pai  in  lon&ttude 


3,32981 
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3239,5 

Cos  58°  0,3  ill  nonag  9,72410 

Log  1713,1=28    33,1  fiistpaitpai  mlat  3,23377 

33   30,  3  moons  tiue  latitude          1 , , 


4    57,  2  moon's  appaient  latitude  nearly 

Log  3233,5  g 

Sin  58    0,5  alt  nonag  ' 

Sin  4    51  ,2  <t  >t,  ipp  latitude  neaily 

fn°    qf,   i  j_85    ^°  38 
0 


Log  2'  ,5  second  pait  of  par  in  latitude  o,39G 

28   33,  l  fiistpait  ofpai  in  latitude  _!  _  , 

28   30,  6  paialhx  in  latitude 


Moon's  tiue  latitude  Qa  on  „ 

T>  11  1  1  ^^  5^* 

raiallax  in  latitude  OQ  o/-.  ^ 

AO  SO,  G 


The  moon's  semidiamctei  14  46 

Inflexion  of  light  _„ 


.  „  14    43 

Augmen  foi  5  Js  alt  32°  ,  „  A 

r  0,4 

Moon's  semidiametei  iTTT^ 

14     51,* 


The  sun's  somidiameter  reduced  15 

M*oon's  semidiameter  -,A 

14 
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299,7 

Sum     2141,1 

1541,7  loS    8.1888  i 

2)6,52009 


log  5T  =  1819,9=     30     19,9          -  3,26004 

Piiollax  m  long     =     35    36,8 

1°     S   56,7  tiue  diff  long  O 


Hence,  27   12  ,1    1°  5'  56 ,7     lit     Mi  25   28   tho  mteivil  fiom  the  be 
ginning  to  the  time  of  the  tiue  conjunction ,  consequently  2 1/*  6  47   (beg  ) 
+  2/j  25   28  =23/t  32  15'  foi  the  time  of  the  conjunction  at  the  Observitoiy 
of  Innity  College,  Dublin 


To  compute  foe  samejbr  Greenwich 

Beginning  at  -  21"  S9  21"  appaient  time 

Sun's  light  ascension  -  10    58  3 

Right  ascension  med  cosh  -        8    S7  24  =  129°  21 


Latitude  of  Greenwich  reduced =51°  14,1 

Cos  129°  21  nghl  ascen  of  med  coch          *         9a80213 
Cos     51    14,1  latitude  leduced  -         9,79668 

Cos  arc  I  =113"  23,5          -  -       9,69S8i 
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Cot     51°  14,1  latitude  i educed 

Sin    129   21    light  ascen  ofmed  coeh 

Cot    iic  II  =58      9,7 
Obli<i    ccl    =23    27,7 


Sin  aic  III  =34  42 
Sm   aic  I    =113  23,5 

Cos  alt  nonig  =58°  30 


9,90475 
9,88834 

9  79309 


9,75532 
9,96275 

9,71807 


COS  01  c  III  =   34°  42                                         -  9,91495 

Tan  aic  I    =113    23,5                 -  10,36394 

Tin  longitude  noing  =117°  45  10,27889 

Moon's  longitude      =162    10  (Naut  Aim  )         — .. 

Moon's  dibt  fiom  non     44    25 


MoonS  equatoml  paiallax 
Reduction 

Moon's  hon/ontil  poiallo\ 
bun  s  honzontalpai  illax 

Honzontvl  paiallax.  j>  fiomo 


51    11 

—  *7  1 
~  /,i 

54      3,9=3243 ',9 
8,6 

3235, 3 


Moon's  latitude  by  the  Tables 
fiioi  of  the  Tables 


33    55,9 

-5,7 


Moon's  true  latitude 


S3    50,2 
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Log  3235,3  3,50991 

bin  58    30  -lit  nouag  9,93077 

Cos  33  50  moon's  tme  lat                 auth  comp  0,00002 

3,44070 

Sin  44°  25  moon's  disfr  fiom  nonag  9,84-502 

Log  1930,7  =  32  10,7  pan  mlong  neoily  3,28572 

44     25  


Log  3235,3 

Sm  58°  30  nit  nonag  9>981 

Sin  5   40    appaicnt  latitude  of  moon        •  7»217 


Coa  44-°  25  + 


92    29  „        9,852 


Log   3,2  second  pail  of  pal  in  latitude                    0,51O 
28    10, 4  first  pait  of  par  in  latitude  

28     7, 2  paiallax  in  Latitude 


i 
i 


Sin  44     57    10,7  9,84912 

9,44070 

Log  1919,1=82  29,ipai  m  Longitude  3,28982 


Log  3235,3                    -  .3,50991 

Cos  58°  SO  alt  nonag  9,71807                                              ',' 

Cos  moon's  appuenL  latitude       -      onth  comp  0,00000 

1  i 

Log  1690  ,4 -=28    10,4.  first  paitpoi  in  lat  3,22798 

33   5O,     moon's  true  latitude          • ' 

5  4O      apparent  latitude  neaily  ,'  i 


1 1 
'l 
i 
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Moon's  tine  latitude 
Pu  ilh\  in  latitude 


3.3    50,2 
2S      7,2 

5     43 


Ihc  moon's  semidi  imetu 
Inflexion  of  light 

Augmen  ioj.  j  4  ill  37° 
Moon's  scmidnmctei 


14    46 

~  3 

U    43 

+  9,5 

14    52,5 


Ihc  sun's  semidumetei  i educed 
Ihc  moon  s  scmidumctei 


30    45 


1845,5 
343 

Sum  2188,5 
Diff   1502,5 


Log    SE  =  1818'S    =30    13,3 
Pu  illa^c  i  n  longitu  de  =  3  2   29,1 


log    3,34015 
log    3,17681 

2)6,51696 
3,25848 


2   42, 4tmediff  of  long 


Hence,  27'   12',1     1°  2'  42 ,4    l  hour    2^18    18  #  the  mteml  fiom 
the  beginning  to  the  time  of  the  true  conjunction  ,  consequently  21  h  39    21 

(heg)+2/;    18    18  ,9  =  23ft    57    39  ,9  the  time  of  the  tiue  conjunction  at 
Gieenwich 
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lime  of  conjunction  it  Gieenwich  Obseiv         23'  57    39  ,9 
-  _  it  Dublin  Obseivatoiy        23   32    15 

DifleienceofUiemeiulims  -  25   24,9 

To  find  the  enoi  of  the  Tables  in  longitude,  we  have 

at  time  of  con]  by  M  Venn's  Tab        S    13°  17     6 

-  -        5    13     17    48 


Luoi  of  the  lunai  1  ibles  m  longitude,         >  +  42 

supposing,  the  sol  u  JUblcs  tobeacciuale  j 

Di  BRINKIE\  obscives,  thit  in  an  occupation,  01  eclipse  of  lie  sun,  when 
the  colculUion  is  made  foi  the  diffeience  of  longitudes  to  be  deduced  fiom  the 
•begmmnLS  01  endings  at  t*o  places,  it  will  be  sufficient  to  use  the  equatonal 
puallvx  to  the  ncaiest  second,  and  not  to  icgoid  the  inflexion  and  111  vdiation 
of  light,  but  when  the  diflcicncc  of  longitudes  is  to  be  deduced  fiom  the  be 
ginning  at  one  phce  and  the  eridmg  at  the  olhei,  these  cncumstances  oughl 
to  be  stuctly  vltended  to 

Jo  find  Hie  Longitude  ly  a  Tmclcepet 

756  Let  the  hme  keepei   be  well  legulatcd,  and  set  to  -the  meiiciian  of 
Oi  cen  with,  then  if  it  neithci  gain  noi  lose,  it  will  always   how  the  time  at 
Greenwich     Hence,  to  find  the  longitude  of  any  othei  phcc,  find  the  mean 
time,  eithci  by  the  sun  s  vltitudc  01  that  of  a  fixed  stoi  by  Ait  92,  01  106  and 
ob&cive,  at  the  instant  of  taking  the  altitude,  the  time  by  the  watch,  and  the 
diffc  icnce  of  these  tunes,  convuted  into  dcgices,  at  the  i  ate  of  15°  foi  an  houi, 
cives  the  longitude  fiom  Giccnuich      If,  foi  example,  the  time  by  the  watch 
when  the  altitude  was  taken,  was  6/t  19,  and  the  mean  time  deduced  fiom 
that  vltitude  was  9/t  23,  the  diflutncc  3/i  4  conveitcd  into  degiccs  gives  46° 
the  longitude  of  the  place  catf  fiom  Giecnwich,  because  the  time  at  the  place 
of  ob&tiv  vtion  is  for  oardei  than  that  at  Gieen*  ich      Thus  the  longitude  could 
be  \eiy  ipidily  deteimmcd,  if  )ou  could  depend  upon  the  watch     But  as  a 
watch  will  alwaj  s  jjain  01  lose,  befoie  it  w  sent  out  its  gaining  01  losing  eveiy 
day  foi  some  time,  a  month  foi  instance,  is  obscived  j  this  is  called  the  rate  tf 
of  the  watch,  and  horn  thence  the  mean  i  \te  of  going  is  thus  found 
Suppose,  foi  instance,  I  examine  the  i-xte  of  a  watch  foi  SO  days  ,   on 


i 
i 
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some  of  those  diys  I  find  it  has  gamed,  and  on  some  it  has  lost,  add  logethei 
all  the  quantities  which  it  h  is  gamed,  and  suppose  they  amount  to  17  ,  idd  to 
gethei  all  the  quantities  which  it  his  lost,  ind  let  the  sum  be  13  ,  then  the 
difference  4  is  the  mean  late  of  gumngfoi  SO  chys,  which  divided  by  30 gives 
0  ,133  foi  a  mean  daily  i aL  of  gumno  Oi  you  may  get  the  mean  daily  lale 
thus  Take  the  diffirence  between  what  the  watch  w  is  too  fast,  01  too  slow 
on  the  fiist  ind  list  dajs  of  observation,  if  it  be  too  fast  01  too  slow  on  each 
dry ,  hut  take  the  sum.,  if  it  be  too  fist  on  one  clay  and  too  slow  on  the  othci, 
and  dmde  by  the  nurabci  of  d  lys  between  the  obseivations*  And  to  find  the 
lime  at  the  place  of  tnal  at  any  future  penod  by  this  watch,  you  must  pnl 
down,  at  the  end  of  the  ibovc  tml  how  much  the  watch  is  too  fast  01  too  slow , 
then  suhtnct  fiom  the  time  ho\vn  by  the  watch,  0,133  x  numbci  of  d  iys 
liom  the  end  of  the  tn  U,  being  the  qu  intity  which  it  h  is  gained  accoulmo  to 
the  ilxne  mean  ute  of  #  11111113,  ind  jou  aic  then  supposed  to  get  the  Uuc 
time  iflectcd  \\ith  the  cuoi  at  the  end  of  the  tml  Hut,  would  be  ill  the  cnoi 
if  the  vt  itch  hid  continued  to  gun  iccordmg  to  the  above  late,  and  althou"h 
fiom  the  cliffeicnt  tcmpei  itiues  of  the  air  to  which  the  \\  itch  may  be  exposed., 
and  fiom  the  itnpeifcetion  of  the  woikmanship,  this  cannot  be  expected,  yet 
by  t  iking  it  mto  consideiation,  the  piobable  01101  of  the  time  will  be  dimi 
nishcd  In  watches  which  aic  urulci  tml  it  the  Royal  Obseivatoiy  at  Gicen 
wich,  as  candid  ites  foi  the  icwards  offeicdby  Failiament  fox  the  discoveiy 
of  the  longitude,  this  illowmcc  of  a  me  in  i  ite  to  be  applied  in  oidei  to  get 
the  time,  is  not  gi anted  by  the  Act  of  Pnhamcnt,  but  it  icqunes  that  the  w  itch 
itself  should  go  within  the  limits  assigned,  the  Commissioneis,  howovei,  aic 
so  indulgent,  as  to  giant  the  application  of  a  me  in  late,  which  is  undoubtedly 
favouiable  to  the  watches 

758    As  the  late  of  going  of  a  witch  is  subject  to  vaiy  fiom  so  many  cu 
cumstances,   the  obseivei,  wheuevei  he  goes  ashoie  and  has  sufficient  time 
should  compaie  his  watch  foi  scveial  days  with  the  mean  time  deduced  fiom 
the  altitude  of  the  sun  01  i  stu,  by  which  he  will  be  able  to  detoimme  its  late 
of  going     And  whcnevci  he  comes  to  a  place  whose  longitude  is  known,  he 
may  coriect  his  watch  and  set  it  to  Gicenwich  time     l-oi  instance,  if  he  go 
to  a  place  known  to  be  30°  east  longitude  fiom  Gicenwich,  his  watch  should  be 
two  houis  slowei  than  the  time  at  that  place     Innd  theicfoie  the  time  at  that 
place  by  the  altitude  of  the  sun  01  a  fixed  stai,  and  conect  it  by  the  equation 
of  time,  and  compaie  the  time  so  found  -with  the  time  by  the  watch  when  the 
altitude  was  taken,  and  if  the  watch  be  t\\o  houis  blowei  than  the  time  dc 
ducecl  fiom  obscivation,  it  is  ught ,  if  not,  conect  it  b}  the  diffeience,  vncl  it 
again  gives  Gieenwich  time 

*  Tqr  fui  tlier  mfoi  jnution  on  tins  subject,  see  Mi  TV  u  rs    Metliod  of  fining  tie  Lonytude  at  %o 
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759  In  long  voyages,  unless  you  have  sometimes  the  means  of  adjusting  the 
wll  to  G^nwi^e,  its  Lot  will  Probably  *  very  °°n  ^±^1 
conseoucntlv  the  longitude  deduced  fiom  it  will  be  subject  to  a  pioporLional 
ToTn  ho  t  voyages  a  wvt<  h  is  undoubtedly  vciy  useful,  and  also  m  long 
o  e  ,  wi  1  you  Inve'the  me  a,  of  conectang  it  Horn  time  to  time  It  seives 
tfcany  on  the  longitude  fioi  i  one  1  nown  place  to  anothei  supposing  die  in 
anal  of  tune  not  tobe  veiy  long,  m  to  keep  lie  longitude  fiom  that  which  ,  is 
deduced  horn  a  lunai  obseivahon,  till  you  can  get  anothei  ohseivafaon  Ihus 
UK  watch  miy  be  lendeicd  of  gicat  ei\ico  in  Nxvigation 

la  JM  tie  longitude  ly  an  Edy*  of  lU  Moon,  and  of  Jeer's  Satellites 
S  or  ,  !«»  ^  c«       »«-»<»  . 


^t^.'sia- 

the  telescope  inveil,  the  appeirance  will  be  contniy 
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761  Ihe  eclipses  of  Jupitet^  sitclhtes  uToid  the  K  uliesl  method  of  dctci 
mining  the  longitude  ol  phccb  itlmd  It  was  ilso  hoped  tint  some  method 
might  he  invented  to  obstne  them  it  sea,  and  Mi  IIUUN  made  i  chin  to 
swny  foi  tlntpmpose,  foi  the  oh  civci  to  sit  in,  but  Di  MASKLMNI,  in  i 
vojige  to  Buhuloes  undci  the  duection  ol  the  Commissioner  of  longitude, 
found  it  tot  ill}  impi  icticihle  to  d  cine  an}  uhantagc  fiom  it,  md  lu  obscucs 
tint  «  consulting  the  i^ieit  powei  leqmsite  m  a  telescope  foi  in  il  ing  these 
obseu  itions  well,  md  the  violence  is  well  as  megulaiitics  oi  the  motion  oi  i 
ship,  i  im  an  aid  the  <  omplete  mmagemcntof  i  telescope  on  ship  ho  ud  will 
dwi}s  icmam  imong  the  desidci  ili  Howuei,  I  would  not  he  undcisfcood  to 
mean  to  ehscoiuagc  my  attempt,  founded  upon  good  pimciplcs,  to  get  ovei  this 
diflicnlfrv  Ihe  telescopes  pi  ope  i  foi  making  these  ohseivaliom  aie  common 
icfi  ictmgonesfiom  15to  20fect,ieflcctmg  ones  ot  18  niches  01  2/eet  01  the  4(> 
inch  ae  hi  omitie  \\iththieeohjectghsstswhichweumst  mulch}  Mi  DOIIONU 
On  iccounl  oi  the  mice!  tainty  oi  the  thcoiy  oi  the  satellites,  the  ohseivei  should 
he  settled  it  his  telescope  liew  minutes  heioie  the  expected  time  oi  an  immei 
ion  And  li  the  longitude  of  the  phcc  he  also  unceitain,  he  must  look  out 
piopoitiombly  soonei  thus,  if  the  longitude  bcunceitim  to  2  ,  inswcnno 
to  eight  minutes  of  time,  he  must  begin  to  look  out  eight  minutes  sooner 
than  is  mentioned  above  Houcvci,  when  he  has  ohbeived  one  eclipse  and 
found  the  cuoi  of  the  I  xhles,  he  may  allow  the  same  collection  to  the  c  ileula 
tions  of  the  I'phemeu  foi  be\ci  il  months,  which  will  idvcitise  him  veiy  near]} 
of  the  time  of  expecting  the  eclipses  of  the  s  une  s  itelhte,  uid  dispense  with  his 
attending  so  long  Bcloie  the  opposition  ol  lupitei  to  the  sun,  the  mnncisiom 
md  emeisions  happen  on  the,  west  side  of  Jupitei,  and  aftei  opposition,  on  the 
•cist  side,  hut  i{  the  telescope  imcit,  the  appeal  ance  will  he  thecontiu} 
Befoic  opposition,  the  immeisions  only  of  the  fnst  satellite  ae  visible,  and 
^litci  opposition,  the  cmcisiom  only  The  same  ib  gcneially  the  c  ise  with 
aespect  to  the  second  bitclhte  ,  hut  both  mnneision  md  emubiou  ue  ficqucntly 
ohscived  in  the  two  outei  satellites  See  Ait  456 

76  2  When  the  oh  eivei  is  wutmg  loi  an  cmciMon,  as  soon  as  he  suspcets 
that  he  sees  it,  he  should  lool  at  his  watch  and  note  the  second,  01  bet  in  to 
-count  the  heats  of  the  clocl  ,  till  he  is  sine  that  it  is  the  satellite,  md  then 
look  at  the  clock  ind  auhti  ict  the  numbei  of  secondb  which  he  h  is  counted 
fiom  the  time  then  ohseived,  and  he  \\ill  hive  the  time  oi  cmcision  If  Tupi 
tei  be  8°  above  the  hoii/on  md  the  sun  as  much  below,  an  eclipse  will  be, 
visible,  this  maybe  eleteimmed  neu  enough  by  a  common  globe 

763    The  immersion  01  cmeision  of  a  satellite  being  oh&eived  accoichng  to 
appaicnt  time,  the  longitude  of  the  phcc  fiom  Gieenwieh  is  found  b}  tikmg 
the  diffucncc  between  tint  time  md  the  time  set  down  in  the  Nautical  Alma 
ice  ubictus  calculated  foi  appaient  time 
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L\    Suppose  the  emcision  of  i  sitelhtt  to  hive  been  obseivtd  it  the  Cape 
of  Good  Hope,  Miy  9,  1767,  it  10//  46    15  appoicnt  time ,  now  the  time  iu 
the  Nautical  Almanac  u>  9/i  31   12  ,  the  diftcience  ot  winch  times  is  1^   13 
J°  the  longitude  ol  the  Cipe  east  of  Gicem\ich  in  time,  01  18°  23    15 

764  But  to  find  the  longitude  of  a  plice  fioin  in  obscivition  of  in  eclipse 
of  i  sitclhtc,  it  19  bcltci  to  compuc  it  \\ith  in  obscivition  nude  uudu  some 
well  kno^vn  uiuidians  thin  with  the  c  Jeuktion   of  the  Ephemcus,  beciuse  of 
the  imperfections  of  the  thtoi}  ,  but  \vheie  i  couesponding  obsciv  ition  cinnot 
be  obt uncd,  find  whit  collection  the  c ileulitions  of  the  Lphemcns  icquiic  by 
the   neucst  obseivitions  to  the  grvcu  time  tint  cm  bo  obtained,  ind  this  coi 
icction  ipplied  to  the  c  dcu]  ition  of  the  gucn  eclipse  in  the  I  phcmciis,icndeis 
it   ilmost  equivalent  to  in  ictuil  obseivition      Ihc  obseivei  must  be  c  ireful 
to  icguhte  his  clock  01  witch  by  ippnent  tame,  01  it  leist  to  know  the  diflci 
ence,  this  miy  be  done  eithci  by  cquil  iltitudes  of  the  bun  01  piopei  stus, 
01  the  lititude  being  known,  fiom  one  iltitude  it  i  distance  fioin  the  mcndiiu, 
by  the  methods  iheidy  explained 

765  In  oidei  the  bettei  to  dctcimine  the  diffeicnce  of  longitudes  of  two 
places  fiom  coucspondniL,  obseivitions,  the  obscivcis  should  be  famished  wiUi 
the  sime  kind  ol  telescopes     loi  it  m  nnmcision,   is  the  sitellitc  cntus  the 
sb idow  it  glows  funtei  ind  funtei    till  it  list  the  quintity  of  light  is  &o  smill 
thit  it  becomes  invisible  even  bcfoie  it  is  wholly  immcised  in  the  shadow  ,  the 
mstint  theicfoie  tint  it  becomes  invisible  \vill  depend  upon  the  qmntity  of 
light  which  the  telescope  icceives,   ind  its  migmfying  powci      The  mstint 
thercfoic  of  the  disippemnce  of  i  sitclbto  will  be  htci  the  bettei  the  telescope 
11,  ind  the  soonei  it  will  ippcii  it  its  emersion     Now  the  immcibion  is  the 
mstint  the  satellite  is  wholly  gotten  into  the  shadow,  ind  the  emeision  is  the 
mstint  befoie  it  begins  to  emeigc  fiom  the  shadow ,  if  theiefoic  two  telescopes 
show  the  disappe  u  mce  or  ippciianee  of  the  sitellitc  it  the  s  imc  distance  of 
time  fiom  the  immcision  oi  emeision,  the  difleicncc  of  the  tunes  will  be  the 
&ime  is  the  dilFeience  of  the  tiuc  times  of  then  immeisions  01  cmcisions,  md 
thci  ef 01  e  will  show  the  diffei  ence  of  longitudes  iccui  itely     But  if  the  obsei  v  ed 
time  it  one  plice  be  complied  with  the  computed  time  it  mothci,  then  we 
must  allow  foi  the  difieicnce  between  the  nppnent  md  Uue  time  of  inimcision 
oi  emersion  in  oidei  to  get  the  tiue  time  wheic  the  obseivition  wis  nude  to 
compile  with  the  tiue  time  fiom  computition  it  the  othci  phcc     This  diffei 
ence  miy  be  found  by  observing  m  eclipse  at  my  place  whose  longitude  is 
known,  ind  compiling  it  with  the  time  by  computation      Obscivers,  theiefoic, 
should  settle  the  difieicnce  iccuntely  by  the  me  in  of  i  gieit  number  of  obsci 
vations  thus  compaied  with  the  computations,  by  which  mcins  the  longitude 
will  be  iscciloined  to  a  much  gxeatei  accuracy  and  cert  vinty     AJftei  all  thi* 
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piecaution,  howevei,  the  different  states  of  the  111  at  diluent  times,  and  also 
the  diffeient  states  of  the  eye,  will  intioduce  a  small  degiee  of  uncei  tamty ,  the 
lattei  case  may  peih  ips,  m  a,  gieat  measme,  be  obuated,  if  the  obseivei  will 
be  caieful  to  lemove  himself  fiom  all  waunth  and  light  foi  a  lutle  time  befoie 
he  makes  the  obseivation,  that  the  eve  may  be  icduced  to  a  piopci  state,  which 
piecaution  the  obseivei  should  also  attend  to  when  he  settles  the  difference 
between  the  appaient  and  tiue  times  of  immeision  and  emeision  Peihaps  ilso 
the  diffeicnce  aiismg  from  the  diffeicnt  states  of  the  an  might,  by  piopu  ob 
seivations,  be  asccitamed  to  a  considciable  degiee  of  acctuacy,  and  as  this 
method  of  determining  the  longitude  is,  of  all  otheis,  the  most  icady,  no  means 
ought  to  be  left  untned  to  i  educe  it  to  the  gieatest  ceitamty  Foi  fuither 
dnections,  »ee  Ait  160 


CHAP    XXIX 

ON  THE  USE  01  T1IL  GLOBLb 

Alt    766    TllLRI    aie  two  Globes,  one  called  Tareslndl,  upon  which  the- 
phces  on  the  eoith  aic  delineated,  and  the  othei  ciUcd  Ccksttal,  upon  which 
the  pnncipol  fixed  atus  die  put  down  in  then  piopei  places,  and  the  femes  of 
the  constellations  di  iwn      Ihe  teiiesfci  il  globe  is  i  perfect  map  of  toe  eaith, 
icpicsenting  accui  itcly  the  lehtive  solutions  of  ill  the  places  upon  its  suiface 
Lhe  celestial  globe  scives  to  explain  all  the  phenomena  oiising  fiom  the  dim 
nil  motion  of  the  eaith  about  its  axis  and  \lso  the  vauation  ot  seasons  aiising 
Jiom  its  motion  about  the  sun,  pnlv  supposing  the  sun  to  move  in  the  ecliptic 
jnstexd  of  the  caith,  which  will  not  \ltei  any  of  the  appearances     Iig  186       no 
icpicsent   the  consti action  of  each  globe     IIR  is  a  flat  cuculai  fiame  of     180 
wood  suppoitcd  by  semicirculai  pieces  coming  fiom  the  foot,  the  plane  of 
which  pvsses  thiough  the  centei  of  the  globe     P&pE  is  a  biass  cucle  called 
the  13)  asen  Met  idian ,  it  is  suppoitcd  at  its  lowest  point  upon  a  lollcr  on  which 
it  tuins  in  its  own  plane,  and  passes  thiough  tho  hoii/on  IIR  in  two  giovca 
cut  foi  that  pmposc     The  globe  itself  is  supported  within  this  circle  by  an 
vxis  Pp  on  which  it  tuins ,  this  axis  passes  thiough  the  broken  meridian  at  P 
xnd  runes  an  index  round  with  it  over  a  cuculai  plate  ho,  which  is  divided 
into  houis,  &c     JEQ  lepicsents  4hc  equatoi,  and  CI  the  ecliptic ,  to  each  of 
which  cucles  on  the  celestial  globe  second  xnes  aie  diawn  to  evciy  10  01  15 
dcgiecs ,  but  on  the  teiiestiial,  they  die  diawn  only  to  the  equatoi     Fiom  C 
md  I  aie  diawn  the  two  taopical  aides  }  and  on  the  teiiestual  globe  aie 
djawn  the  paiollels  of  latitude     Theie  is  -vlbo  pait  of  anothei  cucle  Za,  called 
i  Quadiant  of  Altitude,  which  is  occasionally  fixed  to  the  biozen  meiidian  ,  it 
is  i  thin  plvto  of  buss,  having  a  nut  and  a  sciow  at  one  end  to  fasten  it  to  the 
meiidian  m  its  zenith  Z,  and  then  the  lowei  end  is  put  between  the  globe 
and  hon/on,  and  can  be  tumed  lound  to  any  point ,  it  is  divided  into  dcgices, 
&c  by  which  the  altitude  of  any  object  above  the  bon/on  may  be  raeasuicd, 
and  at  the  sirae  time  it  lefeis  the  object  to  tho  houzon,by  which  its  azimuth 
may  be  detcimmed     1  lorn  one  point  JS  of  the  bia/en  tneudian  concsponding 
to  the  equatoi,  the  degices  begin  and  aie  continued  up  to  90°  at  each  pole 
p  p    but  foi  the  othci  scmiciiclc  o£  the  meudian,  the  degrees  begin  at  the 
po'les  and  aie  continued  to  90°  at  the  equatoi      On  the  honzon,  the  degiees 
bcffin  at  the  oast  and  west  points,  and  aie  continued  both  ways  to  90  ,  01  td 
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the  noitli  met  south  points  The  points  of  the  compass  11  c  also  gcneially  put 
upon  the  honzon  ,  ind  on  two  othei  aides  diawn  thueon  aie  put  the  signs  of 
the  zodi  ic,  ind  the  months  ind  cl  lys  conesponding  to  the  sun  s  pi  ice,  which 
selves  is  a  calendai  to  show  the  phce  of  the  un  on  my  day,  this  howevei 
cannot  be  accmate,  is  the  sun  is  not  alwa}sm1he  same  point  of  the  ecliptic  on 
the  same  diy  Ihc  ecliptic  ind  cquitoi  begin  then  degices  at  one  of  then 
intei  sections,  called  Arct<i,  which  ue  continued  the  same  way  all  lound  up  to 
3GO  ,  and  the  foimei  is  divided  into  and  milked  with  the  twelve  signs  ,  the 
cquatoi  is  also  divided  fiora  the  irae  point  into  24  houis,  which  is  theiefoie 
sometimes  made  use  of  instead  of  the  hoiu  cuclc  Upon  the  foot  of  the  globe 
ihcie  is  often  put  i  compass,  bv  which  the  biazen  mendian  may  be  set  noith 
ind  south  In  the  Phil  Iians  1789,  Mi  SMEATON  has  given  a  descuption  of 
d,u  impio\cd  quadiant  of  iltitndc  Instculof  a  stnp  of  thin  flexible  buss,  he 
Makes  it  of  a  moic  solid  constmction  It  is  fixed  to  a  biass  socket,  and  mule 
to  turn  upon  ituipnghl  steel  spindle,  fixed  in  the  zenith,  by  •which  you  mcistiic 
altitudes  and  izimuths  with  as  much  accuiacy  as  you  do  any  othci  ucs  lie 
appio\es  of  the  common  houi  cuclc,  and  sxys,  thit  one  of  foul  inches  diamctei 
ra  ly  be  divided  into  720  distinguishable  divisions,  answenng  to  two  minutes  of 
time ,  ind  if  mste  id  of  a  Pointer,  an  Indca  Stroke  is  used  in  the  same  pline 
with  that  of  the  divisions,  half  minutes  may  be  easily  distinguished  lie  thcie 
fore  thinks  the  hour  circle  should  lather  be  impioved  than  omitted,  as  it  is  upon 
some  globes 


ON  THE  USE  OF  HIE  TERRLS1RIAL  GLOBE 


Jojind  tlie  Latitude  of  a  Place 

767  Bring  the  place  under  that  semiciicle  of  the  bi  ucn  mcudi  m  whci  c  the 
divisions  begin  at  the  cquatoi,  and  obseivc  what  clegice  it  is  undci,  and  it  is 
the  latitude  lequned 


/to  rectify  the  Globe  for  the  Latitude  of  a  Place 

768    Elevate  the  pole  above  the  honzon  till  its  altitude  is  equal  to  the  hti 
tude  of  the  place,  and  it  then  stands  light  foi  the  solution  of  all  problems  /or 
that  latitude 
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Tojlnd  the  Longitude  of  a  Place  from  any  gwen 

769  Bung  the  place  to  the  biazen  meiidiau,  andobseivo  the  point  of  the 
equatoi  which  lies  undei  it,  and  the  distmee  of  that  point  fiom  the  point  whcu 
the  given  mendun  cut  the  equatoi,  is  the  longitude  lequued 

Given  the  Latitude  and  Longitude  oj  a  Place,  tojlnd  that  Place 

770  Biing  the  given  degree  of  longitude  to  the  mendiin,  and  then  undei 
the  degiec  of  hbtudc  upon  the  mendian  you  have  the  place  lequucd 

JVfien  it  is  Noon  at  any  Place  A,  to  find  the  Hour  al  any  other  Place  B 

771  Biing  A  to  tho  rneiidian,  and  set  the  index  to  XII  ,  then  tmn  the 
globt  till  B  comes  undei  the  mendun,  and  the  mde*.  -will  show  the  houi  at  jB 
If  it  be  not  noon  at  A,  set  the  index  to  the  houi,  and  piocccd  as  befoie,  and 
you  get  the  coiiesponding  houi  at  23 

Tojlnd  the  Distance  of  A  Jrom  B 

772  Bung  A  to  the  mendian,  and  sciow  the  qnadiant  of  altitude  over  it, 
and  cany  it  ovci  B,  and  you  get  the  number  of  degiees  between  A  and  B,  which 
multiply  by  69,2,  the  miles  in  one  degiec,  and  you  have  tho  distance 

Jojind  the  Bearing  of  B  Jrom  A 

77°  Rectify  the  globe  foi  the  latitude  of  A,  and  bung  it  to  the  mcndiin, 
and  nx  the  qiudiant  of  Jtitude  to  it,  then  diicct  the  quiduut  to  Bt  md  the 
point  whcie  it  cuts  the  honzon  shows  the  be  umg  lequued 


Jo  find  Ike  Place  A.  to  volucli  lite  Sim  w  vertical  at  any  If  our  of  the  Day,  at  a 

given  Place  B 

774    imd  tho  sun's  place  in  the  ecliptic,  and  bung  it  to  the  mendian,  and 
mark  the  declination ,  then  bung  B  to  the  mendian,  set  the  mde\  to  the  given 


ON  -nir  usn  or  THE  TERRESTRIAL 


horn,  ind  1  in  n  the  globe  till  the  mde\  comes  to  XII  at  noon,  ind  the  place 
undci  the   un's  declmalion  upon  the  mendiin  is  tint  lequiied 


lo  find  on  amj  Day  and  Hotir,  the  Places  tyfare  lite  Run  is  i  wng,  setting,  or 
on  the  ]\hrt,dtan ,  rhp,  those  $>lace$  iphich  are  enlightened,  and  where  the  f  w- 
li^ht  it  begmmng  and  ending 

775  I  ind  (774)  the  phce  to  which  the  sun  ib  veitical  it  the  given  time,  ind 
hi  mo  the  same  to  the  mcndun,  nnd  lectify  the  globe  foi  ihtitude  equal  to 
the  sun\  dcclin  ition ,  then  to  ill  those  places  in  the  western  semicucle  of  the 
hon/ou,  the  sun  is  JI&M&,  to  those  in  the  e tstern,  it  is  selling,  ind  to  those 
inulei  ihe  wcndian,  it  is  noon  Also,  ill  the  plices  ihove  the  hon/on  uc  en 
lightened,  ind  the  iltitude  of  the  sun  ihove  the  honzon  it  iny  one  plice  it 
that  tune,  is  equil  to  the  distance  of  tint  phce  fiom  the  hoii/on,  which  raiy 
be  me  isuied  by  the  quxdiant  of  iltitude  Listly,  in  ill  those  plices  18°  below 
the  wcstein  hon/on  the  twilight  it,  pist  beginning  in  the  morning,  mij  in  those 
on  the  eistein,  it  is  just  ending  in  the  evening 


To  find  all  the  Places  to  winch  a  lunar  Eclipse  is  visible  at  any  instant 

776  Find  the  phce  to  which  the  sun  is  vciticil  it  the  given  time,  ind  bung 
tint  place  to  the  7enith,  ind  the  eclipse  will  be  visible  to  ill  the  hcraisphcie 
under  the  hoiizon,  because  the  moon  is  opposite  to  the  sun 

777  We  cinnot,  by  i  globe  only,  dot u mine  the  sime  foi  i  solai  eclipse, 
because  that  eclipse  docs  not  happen  to  the  \\hplp  hemispheie  of  the  eaith  next 
the  sun,  nor  does  it  happen  it  the  sime  time  lo  those  phecs  wheic  it  is  visible 

778  The  inhabitants  of  the  eaith  ue  ch  tmgmshedbj  thednluent  ducctions 
of  then  shadows     They  who  live  in  the  toind  zone  ue  called  Amplnscu,  be 
cause  then  shadows  it  noon  aie  cvst  sometimes  to  the  noith  and  sometimes  to 
the  south      But  when  the  sun  is  veitieil  lo  them  at  noon,  they  then  cist  no 
shadows,  and  aie  called  ASCII      The  inhabitants  of  the  tompeiaie  zones  aie 
called  Ileleroictt,  because  they  nc\ei  cast  then  mendiin  shadows  bul  one  way 
They  who  inhibit  the  frigid  zones  aie  cilled  Pcriscii,  because  the  sun  is  some 
times  above  then  honzon  foi  a  day,  01  foi  a  longei  time  even  Lo  six  months,  so 
that  then  shadows  turn  ill  loimd  them 

779    The  inhabitants  of  the  eutlj  have  also  been  distinguished  in,to  thiee 
sorts,  in  lespect  to  then  iclative  situations  m  latitude  01  longitude     They  who 
live  undei  opposite  points  of  the  &ame  paiallel  to  the  equatoi  aie  called,  in  re 
spect  to  each  othei,  Pertaect     These  have  the  bame  seasons  at  the  same  tune, 
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only  {hey  aide*  }2  tow;?  w  tppe,  it  being  midnight  to  one  when  it  is  noon  to 
the  othei  They  who  live  in  foe  same  mendian.,  but  on  opposite  sides  at  the 
cquatoi  and  equidistant  from  it,  aie  called  Antect  These  have  day  and  night 
it  tb.Q  same  tinae,  the  hours  bqng  the  same,  but  they  have  diOeient  seasons,  it 
being  summer  with  one  when  it  is  wwtei  with  the  otlaei  They  *ho  live  in 
opposite  paiallels  to  ftc  equatoi,  and  in  opposite  inendians,  01  who  live  on  op 
posite  point*  of  the  globe,  oie  called  Antipodes  With  these,  it  is  day  to  one 
when  it  is  night  to  the  othqj,  and  summer  to  one  when  it  is  wintei  to  the  othei 

ON  THE  USE  OF  THE  CELESTIAL  GLOBE 

To  find  tiie  Sun's  XUght  Ascension  and  Dechnabon 

780  Bnng  the  sun»s  place  in  the  ecliptic  to  the  meudw,  and  it  points  out 
upon  the  meudiin,  the  declination  ,  and  the  dcgiee  of  the  equatoi  which  is  cut 
by  the  meridian  is  the  right  agcenyon 


Given  tJie  R,gU  Ascension  and  Decimation  of  an  tewenty  Body,  to 

781    Bring  the  degree  of  right  ascension  on  the  equatoi  to  the  jnendian, 
and  the  point  coiiesponding  to  the  declination,  is  the  place  requped 

Given  Ote  Latitude  of  Hie  Place,  (lie  Day  and  J/OMT,  to  Jind  the  Altitude  and 

Amplitude  (f  the  heavenly  Bodies 

782  Rectify  the  ^tobc  (768)  to  the  latitude  of  the  place,  and  bung  the  gun's 
phcc  in  the  ecliptic  to  the  meudim,  and  set  the  index  to  XII  ,  then  tuinthe 
globe  till  the  index  points  to  the  given  hom  ,  and  in  that  position  the  globe  le 
picsonts  the  piopei  situation  of  all  the  heavenly  bodies  upon  it,  in  icspect  to 
the  mei  idian  and  honzon    Then  n*  the  quadiant  of  altitude  to,  the  zenith,  and 
direct  its  gi  xduated  edge  to  the  place  of  the  body,  and  it  shoys  tfye  altitude  pf 
the  body,  and  the  degiee  whcio  it  cuts  fye  hoiizon  shows  its  oninhtude     If 
the  body  be  the  moon  or  a  planet,  after  having  found  its  place,  puj,  a  very  sj^oajl 
patch  upon  it  to  denote  its  place 
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Given  as  before,  to  set  the  Globe  so  that  the  Mars  upon  it  may  correspond  to  their 

Situations  in  the  Heavens* 

783  The  globe  being  fixed  is  m  the  1  ist  Aiticle,  let  the  mendian  be  set  in 
the  mendian  of  the  pi  ice,  with  the  noith  polo  to  the  north,  then  will  ill  the 
st-us  upon  the  globe  conespond  to  then  places  m  the  heavens,  so  that  an  eye 
it  the  centei  of  the  globe  would  lefei  eveiy  stu  upon  its  stuf  ice  to  the  place  of 
the  stu  in  the  heavens  By  companng  theiefoie  the  stais  in  the  heavens  with 
then  places  ou  the  globe,  you  will  veiy  easily  get  acquainted  with  all  the  stais 


To  Jind  ffie  lime  when  any  of  the  heavenly  Bodies  rise,  sel,  or  come  to  the  Me 
ridicm     aho  Ihcir  Azimuth  at  rising  or 


784    Eveiy  thing  lemawmg  as  in  Art  782,  tuin  the  globe  till  the  gaven  bo 
dy  comes  to  the  easteui  pait  of  the  hon/on,  and  the  indent  shows  the  time  of 
its  using  ,  bung  it  to  the  mcuclun,  and  1he  index  shows  the  time  of  its  coming 
to  the  mendian  ,  lastly,  bung  the  body  to  the  western  honzon,  and  the  index 
shows  the  time  of  its  setting      When  the  body  is  in  the  honzon,  the  aic  upon 
the  honzon  between  it  and  the  noith  01  south  will  give  its  azimuth      If  you 
thus  find  the  time  of  the  sun's  using  and  setting,  you  get  the  length  of  the  day 
If  you  tuin  the  globe  about  its  axis,  all  those  stars  which  do  not  descend  below 
the  hon/on  in  1  1  evolution,  ncvci  set  in  tint  place,  and  those  which  do  not 
come  above  it,  nevei  use 


lo  eaplam,  tn  general,  the  Alteration  of  l/ie  Length  oj  Ike  Days,  and 

oj  the  Seasons 


785    Put  seveial  patches  upon  the  ecliptic  fiom  Anes  both  ways  to  the  two 

tiopics  ,  and  then  the  globe  being  icctificd  to  thchtitudc  o(  the  pi  ice,  turn  it 

about,  and  you  will  see,  foi  noith  latitudes,  thit   is  the  pitches  ippioieh 

the  tropic  of  Cancel,  the  con  esponding  duunil  aicswill  mcieisc,   ind   is  the 

patches  appioach  the  tiopic  of  Cipncom,  the  cou  csponding  diuinil  IKS  will 

decrease,  also,  the  foimei  aics  ucgicatei  th  in  a  semicircle,  and  the  1  ittc  i  less, 

and  the  patch  in  the  equatoi  will  descnbe  a  semiencle   ibo\c  the  hon/on 

Theiefore  when  the  sums  in  the  equitoi,  ckys  and  nights  aie  equ  il  ,    is  he  id 

vanccb  towaids  thctiopicof  Cancel,  the  diys  mcieisc  ind  the  nights  dcacasc, 

till  he  comes  to  that  tiopic,  wheie  the  dijs  aie  longest  ind  the  nights  shot  test  , 

then  as  he  ippi  caches  the  equatoi,  the  lengths  of  the  diys  dimmish  md  those  of 

the  nights  in  ci  ease,  and  when  he  comes  to  the  equatoi,  theie  will  be  igimequil 
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d  iys  and  nights     Them  as  he  advances  towirds  the  topic  of  Capncoin,  the 
d  u  s  diminish  uid  the  nights  mciease,  until  he  comes  to  that  fcopic,  wheie  the 
<l«s  uc  sboitcst  tndthe  nights  aie  longest,  and  then  as  he  appioache*  the 
ccm  Uoi ,  the  d  iys  mciease  and  the  nights  deciease,  and  when  he  comes  to  the 
c  c 11  itoi ,  the  length  of  the  days  and  nights  aie  cqu  il     Whate^  ei  be  the  latitude 
ol  the  place,  when  the  sun  is  in  the  equatoi  the  days  and  nights  aie  equal  in 
leiiLth       lo  in  inhabitant  at  the  pole,  the  sun  will  appeal  to  be  half  a  yeai 
,bovc  tho  honzon,  md  hilf  a  yeai  below     To  an  inhabitant  at  the  equator, 
the  d  ivs  uid  nights  *dl  appeal  to  be  always  equal ,  aLo,  all  the  heavenly  bo 
dies  will  bo  found  to  be  as  long  abo.e  the  houzon  as  below     At  the  aictic 
c  iiclu  tho  longest  day  will  be  found  24  horns,  and  the  longest  night  of  the  same 
loud  ,  to  appeus'by  lectnying  the  globe  to  that  latitude   and  putting  the 

uuh   lust  rt  the  Uopic  of  Cancel,  and  then  of  Capncom     Lastly,  it  will  be 
Lund  th  H  all  places  enjoy  equally  the  sun  in  lespect  to  fame,  and  aie  equally 

dcmivcd  oi  it,  the  length  of  thedays  atone  time  of  the  yeai  being  exactly  equal 
,  Ui  H  oi  the  nights  at  the  opposite  season    This  will  appear ,  by  putting  a  patch 

upon  the  cehptic  at  equil  distances  on  each  side  of  the  equatoi 

the  Latitude  and  Longitude  of  a  given  Star ,  aho,  tte  Distance  of  two 

blars 


Bung  the  «*titial  colu.e  to-iEe-m-eiidian,  and  fix  the  quadiant  of 

^^^-« 


tounting  the  dcgiees  bel^een 


To  etplatn  \e  J  hanomena  of  the  Harvest  Moon 

fo\,ny  noithein  1  ititade,  for  instance,  Oat  of  Lon 


at 
pa,  x  V  *     «  fl.,  ^d  them  tmn  the  glota 

*  rf  S  mlm  of  ft«,nd«  wffl  Aow  *out 

°n  tw° 
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This  small  diffeience  mses  fiom  the  -mall  ingle  which  thai  point  of  the  eclip 
tic,  01  moon  s  oibit,  makes,  with  the  hoiizon  at  its  using     If  you  continue  the 
patches  it,eveiy  13   till  you  come  to  Libia,  you  will  find  the  diffeience  of  the 
times  of  iibing  will  incitisc  up  to  that  point,  and  theio  the  diffeience  will  be 
found  to  be  about  ifi   17  ,  foi  tins  point  of  the  ecliptic  in  iUs  the  gicilest 
angle  with  the  honzon  at  its  using      Hence,  whenevei  the  moon  comes  to  the 
fust  point  of  Aues,  thcie  will  be  the  least  diffeience  of  the  tunes  of  its  ustno- 
and  this,  happens  it  the  tune  of  the  foil  moon,  when  the  full  moon  happens 
ibout  Septembei  21      That  point  of  the  ecliptic  which  uses  at  the  least  ano-le 
with  the  hail/on  Will  appeal  to  set  at  the  gieatest,  and  thciefbic  when  theie 
is  the  least  difference  to  the  times  of  iibing,  theie  willbe  the  giealesl  diffbienct 
iri  the  tunes  of  setting,  and  the  contiaiy 

To  find  the  Time  of  the  Year  when  a  Star  uses  or  sets  Cosmcally  and 

Achiomc  illy 

788  Rectify  the  globe  to  the  latitude  of  the  pi  ice,  and  bring  the  stai  to  the! 
hoiizon  on  the  cast  side,  and  see  what  degiee  of  the  ecliptic  cuts  the  1  ouzon 
and  upon  the  hou/on  seek  what  day  of  the  month  that  degife  answer  to,  and 
that  is  the  clay  when  the  stai  rises  comically,  bung  the  stai  co  the  western  hpi 
zon,  and  the  degiee  of  the  ecliptic  cut  by  the  honzon,  wiK  give  the  day  when 
it  sets  comically      Bung  the  stai  ta  the  castein  honzon   j.nd  the  degiee  of  the 
ecliptic  which  cuts  the  western  hoi  won  will  give  the  <jay  when  the  stai  uses 
achromcally ,  and  if  you  bung  the  stai  to  the  western  noiizon,  the  degiee  of 
the  ecliptic  eut  by  the  easleui  hon/on  shows  the  day  wien  the  stai  sets  achro 
nicalhj 

lo  Jind  the  lime  of  the  Year  uhen  a  Star  ns&  0)  sets  Hehacally 

789  Having  lectified  the  globe  to  the  latitude  <f  the  place,  bung  the  stai 
to  the  eastern  honzon,  and  apply  the  quachant  ofiltitude  to  the  westein  side, 
so  that  it  may  cut  the  ecliptic  12   above  the  ho^zon,  then  Ml  the  opposite 
point  of  the  ecliptic  be  12  below  the  honzon,  «d  the  day  conespondmg  to 
that  point  is  the  day  when  the  stai  uses  lleliacaly ,   bung  the  stai  to  the  west 
ern  honzon,  and  apply  the  quadiarit  of  altitide  to  the  eastern  to  cut  the 
ecliptic  12°  above  the  horizon,  and  the  oppo&te  point  will  give  the  day  -when 
the  Mr  sets  hehacatty     This  is  foi  a  star  of  t)e  fast  magnitude,  which  may  be 
seen  when  the  sun  is  about  12°  below  the  hc^dn ,  but  for  one  of  the  second, 
third,  fouith,  fifth,  or  sixth  magnitude,  the  aim  must  be  13P,  14°,  15°,  16  or 
17°  below  the  horizon  3 


